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ABSTRACT 


Experiments  have  been  performed  to  investigate  the  effect  of 
bead  size  and  dry  gas  injection  rate  on  the  revaporization  process  in 
retrograde  condensate  systems.  Tests  were  made  on  a  binary  mixture 
containing  7.85  mole  percent  n-pentane  in  methane  at  a  pressure  of 
1000  psi  and  at  temperatures  of  100°F  and  130°F.  Packs  consisting  of 
spherical  glass  beads  of  40,  150,  and  400  microns  were  used  with  three 
different  dry  methane  injection  rates.  The  results  indicate  that  the 
injection  rate  has  only  a  slight  effect  whereas  the  bead  size  has  a 
significant  effect  on  the  time  for  dry  gas  breakthrough.  In  addition, 
the  bead  size  strongly  affects  the  recovery  efficiency  of  the  pentane. 
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INTRODUCTION 


Retrograde  condensation  is  a  phenomenon  whereby  condensation 
occurs  in  reverse  to  conventional  behavior;  that  is,  liquid  is  formed 
from  the  vapor  phase  upon  lowering  the  pressure  at  constant  temperature. 

Retrograde  condensation  will  occur  in  systems  where  the 
temperature  is  greater  than  the  critical  temperature  but  less  than  the 
cricondentherm  (the  maximum  two  phase  temperature)  as  seen  in  Figure 


1  below. 


FIGURE  1.  PRESSURE-TEMPERATURE  PHASE  DIAGRAM  OF  A  RESERVOIR  FLUID 
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Initially  the  fluid  in  such  a  system  exists  as  a  single  vapor 

phase  as  shown  by  point  A.  As  fluid  is  withdrawn  from  the  system  at 

constant  temperature  the  pressure  declines  until  the  upper  dew  point 

(point  B)  is  reached.  Below  this  pressure  liquid  condenses  out  of  the 

fluid  as  a  fog  or  dew  and  adheres  to  the  walls  of  the  pore  spaces  in 

the  medium.  In  nearly  all  reservoir  systems  this  liquid  saturation 

remains  below  that  critical  level  required  to  form  a  continuous  phase 

(31 

and,  as  such,  is  immobile.  ' 

As  the  pressure  of  the  system  is  dropped  further,  the  retro¬ 
grade  condensation  phenomenon  continues,  causing  an  accumulation  of 
liquid  phase  in  the  porous  medium  until  the  pressure  reaches  a  value 
exhibited  by  point  C  on  the  figure.  This  point  represents  the  maximum 
liquid  accumulation  in  the  system.  At  state  C,  the  revaporization  pro¬ 
cess  begins  and  the  liquid  volume  decreases  until,  at  the  lower  dew 
point  (point  D),  the  fluid  in  the  system  has  returned  entirely  to  the 
vapor  phase. 

In  most  industrial  applications  the  pressure  does  not  drop  to 
this  lower  dew  point  due  to  economic  limitations.  As  a  result,  the  full 
revaporization  portion  of  the  decline  is  not  experienced  and  liquid  con¬ 
densate  is  left  in  the  reservoir.  In  order  to  offset  the  loss  of  this 
valuable  liquid  due  to  retrograde  condensation,  gas  cycling  operations 
as  applied  industrially  are  utilized  to  recover  the  contents  of  such  a 
reservoir  system.  Wet  gas  is  produced,  stripped  of  the  liquefiable 
hydrocarbons  (and  sour  gases)  and  the  residual  gas  is  injected  back  into 
the  reservoir  to  revaporize  the  liquid  condensate  and  subsequently  to 
displace  further  wet  gas. 

The  parameters  upon  which  such  operations  are  dependent  are 
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the  reservoir  pressure,  the  reservoir  temperature,  the  size  of  the 
particles  comprising  the  porous  medium,  the  gas  cycling  rate  and  the 
amount  of  condensate  present. 

It  was  the  purpose  of  this  study  to  investigate  the  effect  of 
bead  size  and  dry  gas  injection  rate  on  the  revaporization  process  in 
retrograde  condensate  systems.  The  following  experimental  tests  were 
performed  on  a  methane-n-pentane  binary  mixture  containing  7.85  mole 
percent  n-pentane: 

(1)  Standard  depletion  tests  at  100°F  in  bead  packs  consisting  of  400, 
150  and  40  micron  glass  spheres  at  a  depletion  rate  of  160  psi/hr. 

(2)  Revaporization  of  retrograde  liquid  at  1000  psig  by  dry  methane 
gas  injection  at  three  different  injection  rates  for  each  of  the 
bead  packs  at  100°F.  The  injection  rates  correspond  to  field 
rates  of  about  5,  10  and  20  feet  per  day. 

(3)  Revaporization  by  dry  methane  gas  injection  as  in  (2)  above  but 
at  a  temperature  of  130°F. 
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LITERATURE  REVIEW 

Standing,  Lindblad  and  Parsons performed  the  first  major 
work  concerning  revaporization  of  liquid  in  a  gas  condensate  system. 

They  showed  that  all  retrograde  liquid  can  be  recovered  if  contacted 
by  a  sufficient  quantity  of  dry  gas.  In  addition,  these  investigators 
concluded  that  the  recovery  of  heavier  components  from  the  reservoir 
is  greatest  if  the  reservoir  pressure  is  allowed  to  decline  below  the 
upper  dew  point  prior  to  dry  gas  injection. 

The  vapor-liquid  equilibrium  relationships  of  the  methane-n- 
pentane  system  were  not  affected  by  the  presence  of  dry  sand  in  studies 
performed  by  Weinaug  and  Cordell  However,  the  relationships 

obtained  for  a  methane-n-butane  sand-packed  system  were  quite  different 
from  those  obtained  in  an  unpacked  cell  with  no  mixing. 

Oxford  and  Huntington ^  showed  that  for  their  studies  of 
nitrogen  revaporizing  n-hexane,  n-heptane  and  condensate  that  departure 
from  equilibrium  did  not  occur  until  the  space  velocity  reached  a  rate 
which  greatly  exceeds  actual  field  injection  rates.  They  also  found 
that  withdrawal  rate  and  the  presence  of  brine  in  the  porous  medium  had 
little  effect  on  the  revaporization  process. 

In  their  study  of  the  effects  of  wettability  change,  Smith 

(13) 

and  Yarborough v  '  concluded  that  the  detailed  form  of  the  capillary 
structure  of  retrograde  liquid  held  in  a  porous  medium  had  no  effect 
on  the  revaporization  process.  They  also  demonstrated  that  vapor-liquid 
equilibrium  exists  when  a  dry  gas  is  injected  into  a  porous  medium  con¬ 
taining  retrograde  condensate.  That  the  quantity  of  dry  gas  required 
for  complete  recovery  of  retrograde  liquid  by  contact  is  influenced  by 
the  heaviest  components  of  the  liquid  was  an  additional  conclusion  made 


5 


by  Smith  and  Yarborough. 

Price  and  Donohue^  studied  the  effect  on  recovery  of  mass 
transfer  in  displacement  processes.  It  was  found  that  the  displacement 
efficiencies  determined  considering  mass  transfer  were  much  higher  than 
those  when  mass  transfer  was  not  considered. 

Attra^  performed  tests  where  the  effects  of  phase  behavior 
were  included  in  addition  to  the  concept  of  two-phase  flow.  His  non¬ 
equilibrium  displacement  method  with  phase  behavior  effects  gave  a  much 
better  agreement  with  actual  production  data  than  did  cases  where  phase 
behavior  effects  were  neglected. 

(2) 

Cook,  Johnson,  Spencer  and  Bayazeedv  '  conducted  experiments 
to  determine  what  portion  of  the  oil  recovery  in  oil  reservoirs  is  due 
to  displacement  by  the  gas  cycled  and  what  portion  is  due  to  vaporization 
of  the  immobile  oil.  They  showed  that  the  importance  of  the  role  of 
vaporization  depends  on  the  reservoir  conditions  (pressure,  temperature, 
oil  volatility,  amount  of  gas  cycled)  for  each  specific  case  considered. 
In  the  experiments  performed,  recovery  by  vaporization  ranged  from  15.3 
to  73.6  percent  of  the  oil  not  recovered  by  gas  displacement. 

(4) 

A  study  performed  by  Havlena,  Griffith,  Pot  and  Kielv  showed 
that  the  daily  cycling  rate  does  not  significantly  affect  the  ultimate 
recovery  of  condensate  as  long  as  partial  dry  gas  cycling  is  pursued. 

The  study  also  showed  that  cycling  condensate  reservoirs  under  conditions 
of  declining  pressure  rather  than  constant  pressure  is  advantageous  from 
both  a  recovery  and  economic  standpoint. 

Trebin  and  Zadora^6^  performed  studies  to  determine  the  effect 
of  porous  media  on  the  revaporization  process.  Using  specific  surface  as 
a  relating  parameter,  they  showed  that  the  condensate  content  of  the 
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produced  gas  decreases  as  the  specific  surface  of  the  porous  medium 
increases.  In  addition,  they  concluded  that  this  influence  of  the  porous 
medium  decreases  as  the  temperature  of  the  system  increases.  From 
further  work  performed,  Trebin  and  Zadora  claimed  that  the  upper  dew 
points  of  gas  condensate  mixtures  in  porous  media  can  be  10-15%  higher 
than  those  observed  in  conventional  PVT  cells. 

(12) 

However,  from  tests  conducted  Sigmund,  Morrow  and  Purvis  ' 
concluded  that  measured  bubble  point  pressures  were  independent  of  the 
presence  of  porous  media.  Their  investigations  of  the  effect  of  sur¬ 
face  curvature  on  phase  behavior  showed  that  equilibrium  compositions 
and  pressures  would  not  be  disturbed  significantly  except  at  very  high 
surface  curvatures. 

(9) 

In  experiments  performed  by  Sadykh-Zade  et  al.  '  the  inert 
gas,  helium,  was  used  to  investigate  qualitatively  the  effect  of 
porous  media  on  the  establishment  of  thermodynamic  equilibrium.  It 
was  concluded  that  the  presence  of  a  porous  medium  aids  in  establish¬ 
ing  thermodynamic  equilibrium  in  gas  condensate  systems. 

Thus  the  evidence  for  the  effect  of  porous  media  on  equili¬ 
brium  behavior  is  somewhat  contradictory. 


' 
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EXPERIMENTAL  APPARATUS 

The  apparatus  consisted  of  three  60  ml.  windowed  cells 
(Jerguson  Model  19T40)  mounted  in  a  constant  temperature  air  bath 
equipped  with  two  large  lucite  windows  to  allow  a  full  view  of  the 
windowed  cells.  The  equipment  is  shown  schematically  in  Figure  2. 

The  bath  temperature  was  maintained  with  a  controller  (Hallikainen 
Model  1253A  and  Hallikainen  Model  1170B  probe)  connected  to  a  2  KW 
heater  load,  while  up  to  3  KW  of  constant  heater  load  could  be  supplied 
directly  through  a  separate  voltage  regulator.  A  ten-inch  fan  was  used 
to  circulate  the  air  within  the  bath.  A  louver  used  to  disperse  the 
air  helped  to  give  a  temperature  control  within  the  air  bath  of  ±0.1 °F. 
Thermocouples  located  in  each  of  the  three  cells  were  used  to  monitor 
the  temperature.  Long-sleeve  insulated  gloves  were  attached  to  the 
wall  of  the  bath  to  allow  manual  operation  of  the  valves  within  the 
bath  without  upsetting  the  temperature  control. 

The  three  Jerguson  cells  were  mounted  on  an  inner  frame  sus¬ 
pended  by  springs.  A  variable  speed  electric  motor  (1/2  hp.)  fitted 
with  an  eccentric  drive  was  used  to  vibrate  the  inner  frame  at  400  cps 
with  an  amplitude  of  1/2  inch.  The  horizontal  cell  (Cell  III)  was 
packed  with  the  glass  beads  and  could  be  easily  removed  from  its  mount 
for  repacking.  The  two  vertical  cells  were  partially  filled  with 
mercury  which  splashed  freely  during  vibration  to  give  good  mixing 
within  the  cell.  The  mercury  volume  in  each  cell  could  be  independently 
or  simultaneously  varied  with  the  proportioning  pump  (Ruska  Model  2218 
WII). 

Precision  Bourdon  tube  gauges  (Heise,  0-1500  &  0-5000  psi  ,  16 
inch  dial)  were  used  to  determine  the  pressure  in  each  vertical  cell. 


FIGURE  2.  SCHEMATIC  DIAGRAM  OF  APPARATUS  FOR  STUDY  OF  RETROGRADE  PHENOMENA  IN  POROUS  MEDIA 
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After  correcting  for  the  variable  mercury  head  in  the  cells,  pressures 
in  the  range  40-1300  psi  could  be  estimated  to  within  t  1  psi  and  pres¬ 
sures  in  the  range  1300-4000  psi  to  within  ±  3  psi. 

A  magnetically  operated  Ruska  vapor  recycle  pump  was  used  to 
circulate  the  gas  through  the  packed  cell.  The  flow  through  this  pump 
was  such  that  liquid  condensate  could  not  accumulate  in  the  pump  or 
lines. 

An  electromagnetic  gas  density  balance  (R.  Fuess  Model  184) 
was  used  to  measure  the  vapor  phase  densities  of  the  binary  mixtures. 

The  actual  compositions  could  then  be  calculated  from  these  measurements. 
The  density  balance  provided  an  analysis  accurate  to  within  -  0.0020  mole 
fraction.  Ultra-high  purity  methane  (99.97%)  was  used  to  calibrate  the 
density  balance.  Sampling  pressures  were  taken  from  the  accompanying 
mercury  manometer  and  were  read  to  the  nearest  0.01  mm.  Sampling  temp¬ 
eratures  and  mercury  column  temperatures  were  read  to  0.01 °C  from  Fisher 
thermometers  (19°  -  27°C  and  0°  -  50°C  scales).  All  samples  to  be 
measured  were  charged  to  the  density  balance  at  a  pressure  of,  at  most, 

1  micron. 

PREPARATION  OF  THE  PACKED  CELLS 

The  glass  beads  used  to  pack  Cell  III  were  Potters  Brothers 
Glass  Reinforcement  Filler  Spheres  having  a  density  of  2.505  gm/cc. 

Three  different  sizes  of  these  glass  beads  were  used  in  this  study; 
namely,  40  microns,  150  microns  and  400  microns.  In  order  to  isolate 
these  particular  bead  sizes,  Tyler  sieves  of  37  and  44  microns,  149  and 
177  microns,  and  350  and  420  microns  respectively,  were  utilized.  About 
200  ml.  of  the  respective  bead  sizes  were  sieved.  These  beads  were  then 
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re-sieved  to  eliminate  any  smaller  beads  still  trapped  with  the  desired 
size  beads. 

All  beads  were  cleaned  by  applying  the  method  described  by 

(5) 

Jainv  '.  The  glass  spheres  were  placed  in  chromic  acid  for  a  period 
of  three  days.  The  beads  were  then  washed  with  an  aqueous  NaOH  solution 
and  finally  washed  repeatedly  with  distilled  water  until  the  wash  water 
was  neutral  to  litmus  paper.  The  beads  were  then  dried  in  an  oven. 

Prior  to  packing,  Cell  III  was  thoroughly  cleaned  and  dried 
with  air.  Then  while  in  a  vertical  position,  the  cell  was  packed  with 
the  desired  size  of  glass  spheres.  The  cell  was  tapped  lightly  with  a 
hammer  during  this  procedure.  In  order  to  obtain  an  estimate  of  the 
hydrocarbon  pore  volume  (HCPV),  the  weight  of  beads  added  to  the  cell 
was  measured.  This  measurement  served  only  as  an  estimate  since  some 
beads  were  lost  during  the  packing  procedure.  These  measurements  are 
shown  in  Appendix  A. 

When  the  cell  was  completely  filled  with  beads,  a  1500  psi 
cylinder  of  UHP-methane  was  attached  to  one  end  of  the  cell  and  was  used 
to  pack  tightly  the  cell  with  a  pulsing  action.  After  ten  pulses  the 
valve  to  the  methane  cylinder  was  removed,  more  glass  spheres  added,  and 
another  ten  pulses  applied  to  the  pack.  This  procedure  was  continued 
until  no  more  beads  could  be  packed  into  the  cell. 

This  method  proved  to  be  quite  successful  as  each  bead  pack 
was  still  completely  intact  upon  dismantling  the  cell  after  the  series 
of  runs  for  that  particular  bead  size  were  completed. 

PREPARATION  OF  THE  PREMIXTURE 


In  order  to  perform  the  experiments  in  this  study,  a  gas  sample 


. 


11 


of  constant  composition  was  required.  It  was  initially  intended  to  use 
a  10  mole  percent  n-pentane  in  methane  solution  for  this  work.  However, 
the  very  slow  mixing  process  encountered  caused  a  reduction  in  the  choice 
of  the  n-pentane  content  to  7.85  mole  percent,  a  composition  almost 
identical  to  that  used  by  Weinaug  and  Cordell  in  their  investigation. 

Fisher  Certified  P-393  ultra  pure  n-pentane  was  used  along 
with  Matheson  Ultra  High  Purity  (99.97%)  methane  to  prepare  the  mixture. 
Maximum  contaminants  in  the  methane  included  10  ppm  CO^,  6  ppm  02,  16  ppm 
N2,  36  ppm  C^Hg  and  5  ppm  CgHg. 

The  cylinder  in  which  the  sample  was  to  be  prepared  was  a  1.515 
cubic  foot  cylinder  equipped  with  a  3000  psi ,  212°F  blowout.  The  cylinder 
was  evacuated,  purged  with  commercial  grade  methane  and  then  evacuated 
for  three  days  to  a  vacuum  of  about  10  microns.  A  premeasured  amount  of 
the  liquid  pentane  was  then  charged  into  the  cylinder.  The  sample 
cylinder  was  attached  to  a  2265  psi  cylinder  of  the  UHP-methane  and  a 
thermal  liquid  nitrogen  compressor  was  used  to  charge  the  proper  amount 
of  methane.  The  cylinder  was  manually  agitated  during  this  charging 
procedure  to  aid  the  mixing  process. 

After  the  desired  amount  of  methane  was  added,  a  heating  tape 
(Fisher  Glas-Col,  140  watt)  was  attached  to  one  side  of  the  cylinder.  The 
entire  circumference  of  the  bottom  one  foot  of  the  cylinder  was  wrapped 
in  glass  wool  insulation.  Above  this,  only  that  half  of  the  tank  cir¬ 
cumference  on  which  the  heating  tape  was  located  was  wrapped  in  the 
insulation.  In  this  way,  thermal  convection  currents  would  be  set  up 
within  the  tank  to  help  maintain  a  constant  vapor  composition. 

The  insulated  tank  was  then  mounted  on  a  stand  equipped  so 
that  the  cylinder  could  be  safely  up-ended.  The  cylinder  was  left  in  this 


12 


position  until  the  desired  composition  of  7.85  mole  percent  pentane  was 
obtained.  This  composition  resulted  in  a  liquid  content  at  1000  psi  of 
6.15  liquid  volume  percent  at  100°F  and  0.17  liquid  volume  percent  at 
130°F  when  calculated  by  means  of  differential  depletion. 

The  sample  cylinder  was  kept  at  a  temperature  of  100°F  and 
was  initially  at  2870  psi. 


v  o  •  r 
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EXPERIMENTAL  PROCEDURE 


Charging  the  Sample 

Prior  to  charging  a  new  sample,  the  entire  cell  system  was 
flushed  with  UHP-methane  at  least  five  times  to  ensure  that  no  pentane 
was  left  in  the  system.  Valve  VQ  was  used  to  control  the  incoming 
sample  charge  from  the  sample  cylinder  (see  Figures  2  and  3).  As  the 
sample  was  throttled  into  the  system,  a  small  amount  of  pentane  con¬ 
densed  in  the  cells.  The  mixture  was  added  until  a  pressure  of  2450 
psig  was  reached.  The  vibrator  and  recycle  pump  were  started  and 
mercury  was  then  simultaneously  injected  and  withdrawn  from  the  system 
through  Cells  I  and  II.  This  resulted  in  a  homogeneous  mixture  in  the 
system  at  about  2400  psig.  The  vibration  and  recycling  readily  caused 
the  return  of  the  pentane  to  the  vapor  phase.  After  one  hour  of  mixing 
a  sample  was  drawn  off  through  V5  and  the  composition  determined  using 
the  gas  density  balance.  If  the  resulting  mixture  proved  to  be  not 
within  the  limits  of  7.77  to  7.94  mole  percent  pentane,  additional  UHP- 
methane  (or  pentane)  was  charged  through  V6.  The  entire  sample  was 
again  mixed  for  one  hour  and  then  measured.  This  procedure  was  con¬ 
tinued  until  the  desired  composition  was  obtained. 

Revaporization  by  Dry  Gas  Injection 

Eighteen  of  the  twenty -one  runs  performed  involved  revaporiza 
tion  by  dry  gas  injection.  Based  on  an  analysis  of  the  data  of  Sage  et 
al.^0^,  a  pressure  of  1000  psi  was  chosen  as  the  optimum  pressure  at 
which  the  revaporization  would  be  carried  out.  After  charging  an 
acceptable  sample  to  the  system,  the  pressure  was  dropped  at  a  rate  of 
160  psi  per  hour  from  2400  psig  to  1000  psig.  At  1500  psig  it  was 
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FIGURE  3.  SCHEMATIC  DIAGRAM  OF  VALVE  SYSTEM 
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necessary  to  stop  the  decline  and  purge  some  of  the  system  gas  through 
V  6  since  the  mercury  system  in  Cells  I  and  II  was  not  large  enough  to 
permit  one  continuous  withdrawal.  The  system  was  again  mixed  for  one 
hour  at  1000  psig  to  ensure  the  system  was  in  equilibrium  prior  to  dry 
gas  injection.  A  gas  sample  was  then  taken  and  its  composition  deter¬ 
mined. 

After  closing  valves  V 3,  V4,  V 7,  V8,  V9  and  V10,  the  contents 
of  Cell  II  were  purged  through  V 6.  The  cell  was  then  flushed  at  least 
ten  times  to  remove  any  remaining  pentane  and  charged  with  1000  psig  of 
UHP-methane.  Valves  VQ  and  V 2  were  closed  and  valves  V 9  and  V10  opened. 
Then  at  the  specified  injection  rate,  the  UHP-methane  from  Cell  II  was 
pumped  through  the  bead  pack  in  Cell  III  while  the  mercury  in  Cell  I  was 
simultaneously  withdrawn  so  that  the  1000  psig  pressure  would  be  main¬ 
tained.  At  every  one-half  HCPV  of  injection,  the  pump  was  stopped  and 
a  composition  measurement  was  taken.  The  known  injection  rate  (cc/hr) 
and  a  clock  measuring  to  0.01  minute  were  used  to  determine  that  point 
in  time  when  the  one-half  HCPV  had  been  injected. 

After  2.0  HCPV  of  injection,  the  packed  cell  was  isolated  and 
the  gas  in  Cell  I  was  pumped  at  constant  pressure  into  Cell  II  through 
the  recycle  pump  until  Cell  I  was  again  full  of  mercury.  Cell  II  was 
purged  ten  times  with  UHP-methane  and  recharged  with  1000  psig  of 
UHP-methane.  The  revaporization  was  then  continued  until  the  run  was 
completed. 

The  Standard  Depletion  Runs 

The  remaining  three  runs  involved  the  standard  depletion  of 
the  7.85  mole  percent  n-pentane  sample  from  the  upper  dew  point  to  the 
lower  dew  point  in  each  bead  pack  at  100°F.  These  runs  would  permit 


■  tmb*  tMf •  o.rr  .  r  •  -  •  VI  .  ;; 1 3 HQ3  ' 
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easy  comparison  with  the  data  published  in  the  literature. 

After  charging  an  acceptable  sample  to  the  system,  the  pres¬ 
sure  was  dropped  at  a  rate  of  160  psi  per  hour  from  2400  psig  to  50 
psig  with  vapor  composition  readings  taken  at  250  psi  intervals  to 
1000  psig,  at  200  psi  intervals  to  200  psig,  at  100  psig  and  at  50  psig. 
The  vapor  recycle  pump  was  used  during  the  entire  decline. 

As  in  the  revaporization  by  dry  gas  injection  runs,  it  was 
necessary  to  purge  vapor  from  the  system  at  1500  psig  and  at  1000  psig. 
However,  additional  purges  were  required  at  600,  400,  240,  150  and  76 
psig. 
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RESULTS 


The  results  obtained  in  this  work  are  presented  in  both 
graphical  and  tabular  form.  Figures  4  and  5  pertain  to  the  standard 
depletion  runs,  Figures  6  through  11  to  the  effect  of  dry  gas  injec¬ 
tion  rate  and  Figures  12  through  20  to  the  effect  of  varying  bead  size. 

Tables  1,  2  and  3  pertain  to  the  runs  performed  with  the  400, 
150  and  40  micron  bead  packs,  respecti vely. 
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MOLE  PERCENT  METHANE 


: I GURE  4. 


STANDARD  DEPLETION  ISOTHERMS  FOR  METHANE-n-PENTANE 
SYSTEM  AT  100°F  WITH  DIFFERENT  BEAD  PACKS 
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PRESSURE-COMPOSITION  ISOTHERMS  FOR  METHANE-n-PENTANE  SYSTEM 
AT  100°F 
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TEMPERATURE:  100°F 
BEAD  SIZE  :  150  microns 
INJECTION  RATE  (cc/hr) 
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TEMPERATURE  :  100°F 
BEAD  SIZE  : 40  microns 
INJECTION  RATE  (cc/hr) 
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HCPV  METHANE  INJECTED 

FIGURE  8.  REVAPORIZATION  WITH  METHANE-n-PENTANE  SYSTEM  IN  40  MICRON  BEAD 
PACK  AT  1 00°F 
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TEMPERATURE  130°F 
BEAD  SIZE  -  400  microns 
INJECTION  RATE  (cc/hr) 


23 


!N3mdd3  Nl  3NVlN3d  !N3Dd3d  3!OW 


HCPV  METHANE  INJECTED 

FIGURE  9.  REVAPORIZATION  WITH  METHANE-n -PENTANE  SYSTEM  IN  400  MICRON  BEAD 
PACK  at  1 30° F 
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HCPV  METHANE  INJECTED 

FIGURE  11.  REVAPORIZATION  WITH  METHANE-n-PENTANE  SYSTEM  IN  40  MICRON  BEAD 
PACK  AT  1 30° F 
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HCPV  METHANE  INJECTED 

FIGURE  16.  REVAPORIZATION  WITH  METHANE-n-PENTANE  SYSTEM  FOR  10  cc/hr.  INJECTION 
RATE  AT  1 30°F 
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FIGURE  17.  REVAPORIZATION  WITH  METHANE-n-PENTANE  SYSTEM  FOR  20  cc/hr.  INJECTION 
RATE  AT  1 30°F 
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HCPV  METHANE  INJECTED 

FIGURE  18.  REVAPORIZATION  WITH  METHANE-n-PENTANE  SYSTEM  FOR  CONSTANT  INJECTION 
RATE  AT  1 00°F  AND  130°F 
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DISCUSSION  OF  RESULTS 

(A)  Determination  of  HCPV  for  the  Bead  Packs 

As  was  previously  mentioned,  the  three  packed  beds  studied 
consisted  of  glass  beads  of  sizes  40,  150  and  400  microns.  Since  the 
spherical  glass  beads  used  were  similar  in  all  respects  except  for  size, 
and  since  a  similar  procedure  was  followed  for  the  packing  of  each  bed, 
identical  pore  volumes  for  each  bead  pack  should  have  resulted.  However, 
such  was  not  the  case.  The  pore  volumes  determined  for  each  bead  pack 
are  tabulated  below.  The  estimated  HCPV  refers  to  the  measurements  by 
weight  made  while  packing  the  cell  and  the  actual  HCPV  refers  to  the 
volume  measured  by  saturating  the  respective  bead  packs  with  water  after 
the  particular  set  of  runs  for  that  pack  was  completed. 


BEAD  PACK 

ESTIMATED  HCPV 

ACTUAL  HCPV 

(microns) 

(cc) 

(cc) 

400 

21.0 

20.0 

150 

21  .8 

22.4 

40 

25.6 

27.4 

As  is  seen  from  the  table,  the  HCPV  increases  with  decreasing 

(18) 

bead  size.  One  might  intuitively  expect  the  opposite  behavior.  Zenzv  ' 
has  stated  that  this  type  of  behavior  is  actually  noticed  for  unpacked 
beads.  However,  he  shows  that  even  a  minor  amount  of  agitation  or  tapping 
should  result  in  uniform  packing  for  all  sizes  of  glass  spheres. 

The  fact  that  both  the  estimated  and  actual  determinations  of 
HCPV  showed  this  unexpected  behavior  suggests  very  strongly  that  the  HCPV 
values  as  given  are  correct.  This  statement  is  further  supported  by  the 
fact  that  the  bead  packs  were  still  completely  intact  after  each  series  of 
runs  was  completed.  Were  the  glass  beds  not  totally  packed,  the 
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vibrations  experienced  by  the  packed  cell  when  mounted  in  the  apparatus 
would  probably  have  caused  a  redistribution  of  the  beads.  In  fact,  one 
of  the  first  runs  made  in  this  experiment  had  to  be  discarded  because 
the  original  packing  procedure  was  inadequate  and  resulted  in  the  forma¬ 
tion  of  void  pockets  within  Cell  III. 

It  is  unlikely  that  the  varying  range  of  limits  of  the  bead 
sizes  contributed  significantly  to  the  results  obtained.  The  absolute 
differences  in  bead  sizes  vary  significantly  but  the  relative  differences 
are  almost  identical. 

BEAD  SIZE  RANGE  ABSOLUTE  DIFFERENCE  RELATIVE  DIFFERENCE 

(microns)  (microns)  (microns) _  (Abs.Diff ./Lower  Range) 


400 

350 

-  420 

70 

0.200 

150 

149 

-  177 

28 

0.188 

40 

37 

-  44 

7 

0.189 

Actual  calculations  for  the  determination  of  the  HCPV  are  given 
in  Appendix  A. 

(B)  The  Standard  Depletion  Runs 

The  100°F  depletion  isotherm  for  the  initial  7.85  mole  percent 
mixture  was  measured  in  each  of  the  three  glass  bead  packs.  The  purpose 
of  these  runs  was  two-fold;  first,  to  determine  the  relative  effect  of 
the  varying  bead  sizes  on  the  depletion  and  second,  to  verify  by  compari¬ 
son  with  data  in  the  literature  that  the  absolute  values  obtained  in 
this  experiment  were  correct. 

Shown  in  Figure  4  is  a  comparison  of  the  standard  depletion 
runs  obtained  for  each  bead  pack.  The  depletion  isotherms  are  essentially 
superimposed.  One  might  conclude,  then,  that  the  phase  behavior  of  the 
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methane-n-pentane  system  studied  is  independent  of  the  bead  size  in  the 
packing  of  the  cell.  However,  such  a  statement  would  conflict  directly 
with  the  conclusion  derived  for  the  effect  of  the  varying  bead  packs  on 
the  revaporization  by  dry  gas  injection  runs.  In  these  runs  it  was  noted 
that  the  size  of  the  glass  beads  in  the  packed  cell  had  a  very  signifi¬ 
cant  effect  on  the  revaporization  process. 

What  is  the  cause  of  this  anomaly?  As  was  mentioned  in  the 
"Experimental  Procedure"  section,  the  vapor  recycle  pump  was  utilized 
during  the  entire  decline  to  cycle  the  vapor  within  the  cells  and  lines 
so  that  a  homogeneous  system  might  be  maintained.  Post-experimental  cal¬ 
culations  have  shown  that  the  quantity  of  vapor  recycled  amounts  to 
thousands  of  pore  volumes  during  the  course  of  a  standard  depletion  run. 

On  the  other  hand,  in  the  revaporization  by  dry  gas  injection  runs  only 
two  pore  volumes  of  dry  methane  gas  were  passed  through  the  packed  cell. 

The  additional  recycling  in  the  standard  depletion  runs  would  impose  a 
state  of  "forced  equilibrium"  on  each  bead  pack  system  and  hence,  no 
effect  of  varying  bead  size  would  be  noticed. 

The  recycle  pump  was  run  at  60%  of  its  maximum  rate  during  the 
standard  depletion  runs.  Were  this  recycle  rate  decreased  to  some  smaller 
value  it  is  possible  that  the  effect  of  the  varying  bead  sizes  might  be 
noti ced. 

Shown  in  Figure  5  is  a  comparison  of  the  results  obtained  in 
this  study  with  those  of  previous  investigators.  Agreement  with  the 
equilibrium  data  of  Sage  et  al.^1^  is  very  good.  The  results  of  our  work 
indicate  a  vapor  phase  composition  some  0.4  mole  percent  richer  in  methane. 
This  difference  is  slightly  more  evident  in  the  revaporization  rather  than 
the  condensation  portion  of  the  depletion  isotherm. 


* 
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The  upper  dew  point  of  1865  psia  determined  from  the  equili¬ 
brium  data  of  Sage  et  al.  is  about  100  psi  lower  than  the  dew  point 
measured  in  this  work.  This  agrees  with  the  findings  of  previous  investi¬ 
gators.  Trebin  and  Zadora^6^  contend  that  the  upper  dew  point  pressures 
for  a  gas-condensate  mixture  in  a  porous  medium  are  10-15%  higher  than 
those  oDtained  in  a  conventional  open  PVT  cell.  Tindy  and  Raynal^5^ 
have  shown  that  the  saturation  pressure  of  a  crude  oil  in  a  porous 
medium  is  larger  than  that  conventionally  measured  in  a  test  cell. 

Also  shown  in  Figure  5  are  the  data  which  Weinaug  and  Cordell 
^ ^  obtained  from  the  depletion  of  an  Ottawa  sand  pack.  The  "I's" 
indicate  the  incremental  pressure  drop  for  which  the  average  composition 
of  the  vapor  phase  was  determined.  Despite  the  fact  that  the  initial 
compositions  of  the  Weinaug  and  Cordell  system  and  this  system  were 
nearly  identical  (92.27  mole  percent  methane  cf.  92.16  mole  percent 
methane)  the  upper  dew  point  exhibited  by  the  data  of  Weinaug  and 
Cordell  is  approximately  50-100  psi  higher  than  that  of  this  work. 

However,  this  represents  the  only  discrepancy  between  the  two  sets  of 
data  as  the  vapor  phase  compositions  remain  essentially  identical 
throughout  the  remainder  of  the  depletion  isotherm. 

The  final  curve  shown  on  Figure  5  traces  that  data  obtained 
M2) 

by  Purvis v  '  using  the  same  experimental  apparatus  with  which  the  data 

of  this  work  were  obtained.  A  comparison  of  the  two  curves  shows  that 

the  data  of  Purvis  is  approximately  0.9  mole  percent  richer  in  methane 

than  is  the  data  of  this  work.  This  discrepancy  may  be  due  to  trace 

impurities  (primarily  nitrogen  and  ethane)  in  the  methane  sample  used  by 

(8) 

Purvis  in  his  experiments v  . 

From  the  previous  discussion  we  can  conclude  that  the  measurements 
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made  in  this  work  agree  very  well  with  those  readily  available  in  the 
1 i terature. 

(C)  Revaporization  by  Dry  Gas  Injection  Runs 
(1)  Effect  of  Gas  Injection  Rate 

In  order  to  investigate  the  effect  of  the  rate  of  dry  gas  injec¬ 
tion  on  the  revaporization  process,  dry  methane  gas  was  passed  through 
the  packed  cell  containing  the  liquid  condensate  at  rates  of  5,  10  and 
20  cc/hr.  These  injection  rates  correspond  approximately  to  lineal 
rates  of  5,  10  and  20  feet  per  day.  The  time  to  complete  one  run  (37 
hours  for  5  cc/hr)  and  the  limited  size  of  the  packed  cell  were  the  major 
factors  considered  in  adopting  these  three  particular  injection  rates. 
Since  each  rate  was  used  in  each  of  the  three  bead  packs  at  each  of  the 
two  temperatures,  six  sets  of  data  are  available  to  determine  the  effect 
of  the  injection  rate  on  the  revaporization  process. 

Shown  on  Figures  6  through  11  inclusive  are  these  sets  of  data. 
As  is  anticipated,  dry  gas  breakthrough  occurs  earlier  with  the  higher 
dry  gas  injection  rates.  However,  for  the  range  of  injection  rates 
studied  these  differences  in  time  to  dry  gas  breakthrough  are  very  small 
(i.e.  in  the  order  of  0.05  to  0.10  HCPV  of  dry  methane  gas  injection). 

The  effect  of  the  varying  injection  rates  is  more  distinguishable  in  the 
tabular  summary  of  actual  data  for  each  bead  pack  shown  in  the  "Results" 
section. 

An  exception  to  the  above  conclusion  is  shown  in  Figure  10.  In 
this  case,  breakthrough  has  seemed  to  occur  earlier  at  the  10  cc/hr 
injection  rate  than  at  the  higher  20  cc/hr  injection  rate.  However,  the 
difference  in  the  n-pentane  concentrations  at  the  particular  points  of 
interest  on  the  breakthrough  portion  of  the  curve  is  only  0.0009  mole 
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fraction  n-pentane  which  is  well  within  the  limit  of  error  of  0.9020 
mole  fraction  n-pentane  established  for  this  experiment. 

For  the  dry  gas  injection  rates  studied,  equilibrium  between 
the  liquid  condensate  and  the  dry  methane  injection  gas  was  readily 
achieved  and  maintained  prior  to  dry  gas  breakthrough.  This  is  in 
agreement  with  the  conclusion  reached  by  Oxford  and  Huntington^ . 

(2)  Effect  of  Bead  Size  in  the  Packed  Cell 

The  data  used  to  determine  the  effect  of  bead  size  on  the 
revaporization  process  were  obtained  by  sorting  the  data  available 
according  to  the  parameters  held  constant,  namely,  temperature  and  dry 
gas  injection  rate.  As  in  the  previous  subsection,  six  sets  of  data 
are  available  for  analysis. 

Shown  on  Figures  12  through  17  inclusive  are  these  sets  of 
data.  Dry  gas  breakthrough  has  occurred  earlier  in  the  cells  packed 
with  the  smaller  diameter  glass  beads  despite  the  fact  that  the  actual 
volume  of  condensate  in  these  cells  is  larger  (see  Appendix  A).  However, 
Figures  19  and  20  show  that  the  recovery  efficiency  of  the  liquid  pentane 
is  significantly  less  in  the  cells  packed  with  these  smaller  glass  beads. 
The  bead  sizes  of  400,  150  and  40  microns  give  respective  pentane 
recoveries  at  dry  gas  breakthrough  of  94.6,  83.0  and  68.7  percent  at  a 
temperature  of  100°F  and  a  constant  injection  rate  of  10  cc/hr.  Pentane 
recoveries  at  dry  gas  breakthrough  in  the  corresponding  systems  at  130°F 
occurred  at  82.1,  69.0  and  63.0  mole  percent.  These  results  suggest  that 
the  revaporization  by  dry  methane  gas  injection  process  is  limited  by 
adsorption  phenomena  and  that  these  phenomena  are  more  prevalent  in  the 
smaller  glass  bead  sizes. 

Due  to  the  presence  of  these  limiting  adsorption  phenomena,  it 
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was  not  possible  to  determine  whether  or  not  the  higher  surface  curva¬ 
tures  of  the  smaller  bead  packs  enhanced  the  revapori zati on  process 
through  increased  surface  area  for  mass  transfer  and  increased  vapor 
pressures . 

These  data  are  in  direct  agreement  with  those  obtained  by  the 

Russian  researchers,  Trebin  and  Zadora^^^.  Experiments  performed  by 

these  men  using  a  constant  composition  sample  in  three  porous  medium 

7  3 

systems  having  specific  surfaces  of  563,  1307  and  3415  cm  /cm  gave 
condensate  recoveries  of  77.0,  64.8  and  59.9  percent,  respectively.  The 
increasing  specific  surface  values  would  correspond  to  decreasing  glass 
bead  sizes  in  our  system. 

(13) 

Smith  and  Yarborough v  '  have  shown  that  for  a  methane-n- 
pentane  system  at  100°F  containing  6.5  volume  percent  liquid,  recovery 
of  the  liquid  was  complete  after  2.5  HCPV  of  injection.  The  No.  16  AGS 
Ottawa  sand  used  by  these  experimenters  was  significantly  larger  than 
the  largest  400  micron  glass  bead  size  used  in  this  work.  Figures  12, 

13  and  14  show  that  for  the  corresponding  systems  in  this  work  with 
6.15  volume  liquid  percent  dry  gas  breakthrough  has  occurred  after  2.4 
HCPV  in  the  40  micron  pack,  after  3.0  HCPV  in  the  150  micron  pack  and 
after  3.4  HCPV  in  the  400  micron  pack.  On  the  basis  of  this  work,  one 
would  anticipate  that  breakthrough  in  the  Smith  and  Yarborough  system 
should  have  occurred  at  an  injection  volume  greater  than  3.4  HCPV. 

An  additional  difference  between  this  work  and  that  of  Smith 
and  Yarborough  is  evident  in  that  portion  of  the  curve  after  breakthrough 
has  occurred.  Whereas  Smith  and  Yarborough  have  achieved  a  rapid  total 
liquid  recovery,  the  results  of  this  work  indicate  that  a  gradually 
decreasing  residual  liquid  content  is  present  on  the  latter  portion  of 
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the  breakthrough  curve.  This  difference  in  behavior  could  be  due  to 
the  larger  size  particles  comprising  the  porous  medium  used  by  Smith 
and  Yarborough. 

(3)  Effect  of  Temperature  Variation 

The  condensate  revaporization  runs  were  performed  at  tempera¬ 
tures  of  100°F  and  130°F.  The  initial  liquid  content  present  prior  to 
dry  gas  injection  in  each  case  was  6.15  and  0.17  liquid  volume  percent 
respecti vely.  Both  liquid  content  values  are  below  the  critical  satura 
tion  required  for  liquid  flow. 

Figure  18  shows  a  comparison  of  the  effect  of  the  different 
porous  media  on  the  revaporization  process  at  the  two  different  system 
temperatures  studied.  The  dry  gas  injection  rate  was  the  same  in  each 
set  of  runs.  From  this  figure  we  can  conclude  that  as  the  system 
temperature  increases,  the  influence  of  the  porous  media  on  the  revapor 

ization  by  dry  gas  injection  process  decreases.  This  conclusion,  again 

f  1 6 1 

is  in  direct  agreement  with  the  work  of  Trebin  and  Zadorav  . 


■ 
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CONCLUSIONS 

From  observations  made  and  results  obtained  in  the  course  of 

this  study,  the  following  conclusions  were  formulated. 

(1)  In  a  revaporization  by  dry  methane  gas  injection  process,  dry  gas 
breakthrough  occurs  slightly  earlier  as  the  dry  gas  injection  rate 
i ncreases . 

(2)  In  a  revaporization  by  dry  methane  gas  injection  process,  dry  gas 
breakthrough  occurs  at  a  significantly  earlier  time  as  the  size  of 
the  glass  bead  particles  in  the  packed  cell  decreases.  In  addition, 
the  bead  size  strongly  affects  the  recovery  efficiency  of  the 
pentane.  The  smaller  bead  sizes  result  in  a  smaller  recovery 

effi ci ency. 

(3)  The  vapor-liquid  equilibrium  values  for  a  methane-n-pentane  system 
are  not  affected  by  the  presence  of  the  glass  beads  for  the  size  of 
glass  beads  studied  in  this  work. 

(4)  The  phase  behavior  of  a  methane-n-pentane  binary  mixture  during  a 
standard  depletion  isotherm  for  a  packed  cell  is  independent  of  the 
size  of  the  beads  in  the  pack.  Both  this  conclusion  and  the  pre¬ 
vious  conclusion  may  be  due  to  excessive  recycling  of  the  vapor 
phase  through  the  packed  cell. 

(5)  As  the  temperature  of  the  system  increases,  the  effect  of  the 
porous  medium  on  the  revaporization  by  dry  gas  injection  process 


decreases . 


' 
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RECOMMENDATIONS 

(1)  Increase  the  size  of  Cells  I  and  II  to  about  200  milliliters  each 
so  that  intermediate  purges  during  pressure  depletion  could  be 
eliminated. 

(2)  If  Cell  I  were  not  enlarged,  insert  an  exhaust  valve  between  valve 
VI  and  Cell  I  so  that  the  contents  of  Cell  I  could  be  purged  and 
replaced  with  mercury  to  continue  the  revaporization  process  without 
altering  the  composition  of  the  off-gas  from  Cell  III  near  the 
sampling  port. 

(3)  Modify  the  gas  composition  measurement  system  to  make  it  more  leak- 
proof.  This  could  be  achieved  by  using  an  all -glass  system  or  by 
replacing  the  presently  used  valves  with  "Kel-F"  tipped  valves. 

(4)  Include  an  automatic  trip-out  device  on  the  Ruska  proportioning 
pump  to  prevent  the  over-injection  of  mercury  into  the  system. 

(5)  Remodel  the  eccentric  drive  vibration  assembly  so  that  the  ratio 

of  diameters  of  the  shaft  ends  are  reversed.  This  should  result  in 
a  smoother  operating  assembly. 

(6)  Re-run  the  three  standard  depletion  isotherms  using  a  significantly 
smaller  vapor  recycle  rate  (10%  of  maximum)  to  clarify  the  anomaly 
discussed  in  subsection  (B)  of  the  "Discussion  of  Results"  section. 

(7)  Include  metering  facilities  in  the  off-gas  line  near  valve  V 9 

so  that  the  amount  of  n-pentane  recovered  from  the  pack  could  be 


determined. 
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APPENDIX  A 

DETERTUNATION  OF  HCPV  FOR  THE  RESPECTIVE  BEAD  PACKS 
CALCULATION  OF  LINEAL  DRY  GAS  INJECTION  RATES 
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(A)  Determination  of  Bead  Pack  Pore  Volume 
(1 )  400  MICRON  BEAD  PACK 

Weight  before  adding  beads 
Weight  after  adding  beads 
Weight  of  beads  added 
Density  of  glass  beads 
Volume  of  beads  added 
Volume  of  unpacked  cell 
. ’ .  Estimated  pore  volume 


250.349  gm. 
156.662  gm. 
93.687  gm. 
2.505  gm/cc. 

37.4  cc. 

58.4  cc. 

21 .0  cc. 


Total  volume  of  water  injected  76.0  cc. 

Overflow  volume  (1)  of  water  18.8  cc. 

Overflow  volume  (2)  of  water  20.4  cc. 

Overflow  volume  (3)  of  water*  10.5  cc. 

Volume  of  valves  6.3  cc. 

. *.  Actual  pore  volume  20.0  cc. 


*  Cell  pressured  up  to  150  psig  to  obtain  most  complete  saturation. 


READING 

NO. 

3 

4 

5 

6 

7 

8 
9 


SPECIAL  RERUN  #4 
ACTUAL  ACTUAL 


ESTIMATED 

HCPV 

VOLUME 

INJECTED 

ACTUAL 

HCPV 

VOLUME 

INJECTED 

ACTUAL 

HCPV 

0.5 

(cc) 

8.3 

0.415 

(cc) 

9.65 

0.482 

1.0 

20.1 

1.005 

20.50 

1.025 

1.5 

31.9 

1.595 

31.35 

1.568 

2.0 

43.7 

2.185 

42.20 

2.110 

2.5 

55.5 

2.775 

53.05 

2.652 

3.0 

67.3 

3.365 

63.90 

3.195 

3.5 

79.1 

3.955 

74.75 

3.738 

4.0 

90.9 

4.545 

85.60 

4.280 

10 


•• 


i  .  ■ .  r  ( 4  ,  . 
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(2)  150  MICRON  BEAD  PACK 

Weight  before  adding  beads 
Weight  after  adding  beads 


227.678  gm. 
135.989  gm. 


READING  NO 

3 

4 

5 

6 

7 

8 
9 


Weight  of  beads  added 

91 .689  gm. 

Density  of  glass  beads 

2.505  gm/cc. 

Volume  of  beads  added 

36.6  cc. 

Volume  of  unpacked  cell 

58.4  cc. 

Estimated  pore  volume 

21 .8  cc. 

Total  volume  of  water  injected 

46.0  cc. 

Overflow  volume  of  water 

17.3  cc. 

Volume  of  valves 

6.3  cc. 

Actual  pore  volume 

22.4  cc. 

i.  ESTIMATED  HCPV  ACTUAL 

VOLUME  INJECTED 

ACTUAL  HCPV 

(cc) 

0.5 

9.65 

0.431 

1.0 

20.50 

0.915 

1.5 

31.35 

1.400 

2.0 

42.20 

1.884 

2.5 

53.05 

2.368 

3.0 

63.90 

2.853 

3.5 

74.75 

3.337 

4.0 

85.60 

3.821 

10 
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(3)  40  MICRON  BEAD  PACK 


READING 

3 

4 

5 

6 

7 

8 
9 


Weight  before  adding  beads 

184.812  gm. 

Weight  after  adding  beads 

102.679  gm. 

Weight  of  beads  added 

82.133  gm. 

Density  of  glass  beads 

2.505  gm/ 

Volume  of  beads  added 

32.78  cc. 

Volume  of  unpacked  cell 

58.4  cc. 

Estimated  pore  volume 

25.6  cc. 

Total  volume  of  water  injected 

48.0  cc. 

Overflow  volume  of  v/ater 

14.3  cc. 

Volume  of  valves 

6.3  cc. 

Actual  pore  volume 

27.4  cc. 

NO.  ESTIMATED  HCPV  ACTUAL  VOLUME  INJECTED  ACTUAL  HCPV 


0.5 

(cc) 

9.65 

0.352 

1.0 

20.50 

0.748 

1.5 

31.35 

1.144 

2.0 

42.20 

1.540 

2.5 

53.05 

1.936 

3.0 

63.90 

2.332 

3.5 

74.75 

2.728 

4.0 

85.60 

3.124 

10 
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(B)  Calculation  of  Lineal  Dry  Gas  Injection  Rates 

EXAMPLE:  20  cc/hr  in  40  Micron  pack;  HCPV  =  27.4  cc. 

Length  =  34  cm. 


Time  to 

pass  1  HCPV  = 

27.4  cc 

20  cc/hr 

1.37  hr. 

Velocity 

34  cm 

x  2 

4  hr 

1  ft 

19.54  ft. /day 

1.37  hr 

x  1 

day  x 

30.48  cm 

BEAD  SIZE 

VOLUMETRIC 

INJECTION 

RATE 

HCPV 

LENGTH 

LINEAL  INJECTION 
RATE 

(mi  crons ) 

cc/hr 

(cc) 

(cm) 

(ft/day) 

400 

20 

20.0 

34 

26.77 

400 

10 

20.0 

34 

13.38 

400 

5 

20.0 

34 

6.69 

150 

20 

22.4 

34 

23.90 

150 

10 

22.4 

34 

11.95 

150 

5 

22.4 

34 

5.98 

40 

20 

27.4 

34 

19.54 

40 

10 

27.4 

34 

9.77 

40 

5 

27.4 

34 

4.89 

APPENDIX  B 


COMPUTER  OUTPUT  OF  EXPERIMENTAL  DATA 
LISTING  OF  COMPUTER  PROGRAM 


DATA  REDUCTION  FOR  STANDARD  DEPLETION  OF  C1-C5  IN  400 
MICRON  BEAD  PACK  AT  IOOF 


DENSITY  BALANCE  ANALYSES,  RUN  1 


LIGHT  MOLE 

WT  =  16.' 

040 

SLOPE  =  7. 

050 

HEAVY  MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

NO 

SYSTEM 

SAMPLE 

Z 

CURR  FNT 

MOLE  FR 

MOLE  FR 

PSIA 

ATM 

FACTOR 

MA 

MFTHANE 

PENTANE 

I 

2400. 

0.1068 

0.9996 

12.77 

0.9221 

0.0778 

I 

2400. 

0.0518 

0.9998 

6.20 

0.9213 

0.0786 

1 

2400. 

0.0264 

0.9999 

3.17 

0.9213 

0.0786 

AVERAGE 

VALUES 

0.9216 

0.0783 

2 

2250. 

0.1026 

0.9996 

12.27 

0.9212 

0.0787 

2 

2250. 

0.0517 

0.9998 

6.20 

0.9205 

0.0794 

AVERAGE 

VALUES 

0.9208 

0.0791 

3 

2000. 

0.1030 

0.9996 

12.21 

0.9247 

0.0752 

3 

2000. 

0.0522 

0.9998 

6.21 

0.9235 

0.0764 

AVERAGE 

VALUES 

0.9241 

0.0758 

4 

1750. 

0.1024 

0.9997 

11.72 

0.9375 

0.062  4 

4 

1750. 

0.0521 

0.9998 

5.98 

0.9368 

0.0631 

AVERAGE 

VALUES 

0.9371 

0.0628 

5 

1500. 

0.1032 

0.9997 

11.52 

0.9467 

0.0532 

5 

1500. 

0.0518 

0.9998 

5.  79 

0.9466 

0.0533 

AVERAGE 

VALUES 

0.9467 

0.0532 

6 

1250. 

0.1030 

0.9997 

11  .30 

0.9516 

0.0483 

6 

1250. 

0.0516 

0.9998 

5.67 

0.9510 

0.0489 

AVERAGE 

VALUES 

0.9513 

0.0486 

7 

1000. 

0.0994 

0.9997 

10.81 

0.9542 

0.0457 

7 

1000. 

0.0518 

0.9998 

5.  66 

0.9526 

0.0473 

AVERAGE 

VALUES 

0.9534 

0.0465 

8 

800. 

0.1028 

0.9997 

11.22 

0.9536 

0.0463 

8 

8  00. 

0.0516 

0.9998 

5.62 

0.9544 

0.0455 

AVERAGE 

VALUES 

0.9540 

0.0459 

9 

600. 

0.1018 

0.9997 

11.06 

0.9544 

0.0455 

9 

600. 

0.0516 

0.9998 

5.  64 

0.9522 

0.0477 

AVERAGE 

VALUES 

0.9533 

0.0466 

10 

400. 

0.1035 

0.9997 

11.68 

0.9419 

0.0580 

10 

400. 

0.0509 

0.9998 

5.79 

0.9390 

0.0609 

AVERAGE 

VALUES 

0.9405 

0.0594 

11 

200. 

0.1030 

0.9996 

12.64 

0.9110 

0.0889 

11 

2  00. 

0.0517 

0.9998 

6.39 

0.9084 

0.0915 

AVERAGE 

VALUES 

0.9097 

0.0902 

12 

100. 

0.0759 

0.9996 

11.12 

0.8378 

0.1621 

12 

100. 

0 .05  10 

0.9997 

7.43 

0.8408 

0.1591 

AVERAGE 

VALUES 

0.8393 

0.1606 

13 

50  . 

0.0765 

0.9992 

15.19 

0.6785 

0.321*4 

13 

50. 

0.0512 

0.999** 

10.19 

0.6776 

0.3223 

AVERAGE 

VALUES 

0.6781 

0.3218 

DATA 

REDUCTION  FOR  1 

REVAPORIZATION  OF 

C 5  IN  400 

MICRON 

BEAD 

PACK  , 

AT  13  FOR 

100F 

DENSITY  BALANCE  ANALYSES 9  RUN 

2 

LIGHT 

MOLE 

WT  =  16.1 

040 

SLOPE  =  7. 

050 

HEAVY 

MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

MU  SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSI  A 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2  4  00. 

0.1028 

0.9996 

12.  33 

0.9208 

0.0791 

1 

2400. 

0.0521 

0.9998 

6.25 

0.9211 

0.0788 

1 

2400. 

0.0261 

0.9999 

3.14 

0.9203 

0.0796 

AVERAGE 

VALUES 

0.9207 

0.0792 

2 

1000. 

0.1028 

0.9997 

11.15 

0.9550 

0.0449 

2 

1000. 

0.0517 

0.9998 

5.61 

0.9554 

0  .0445 

AVERAGE 

VALUES 

0.9552 

0.0447 

3 

1000. 

0.1013 

0.9997 

10.97 

0.9556 

0.0443 

3 

1000. 

0 .0509 

0.9998 

5.  52 

0.9550 

0 .0449 

’  AVERAGE 

VALUES 

0.9553 

0.0446 

4 

1000. 

0.1040 

0.9997 

11.28 

0.9549 

0.0450 

4 

1000. 

0.0512 

0.9998 

5.  57 

0.9537 

0.0462 

AVERAGE 

VALUES 

0.9543 

0.0456 

5 

1000. 

0.1035 

0.9997 

11.28 

0.9550 

0.0449 

5 

1000. 

0.05  16 

0.9998 

5.68 

0.9520 

0.0479 

AVERAGE 

VALUES 

0.9535 

0.0464 

6 

1000. 

0.1019 

0.9997 

11.07 

0.9557 

0.0442 

6 

1000. 

0.0519 

0.9998 

5.63 

0.9563 

0.0436 

AVERAGE 

VALUES 

0.9560 

0.0439 

7 

1000. 

0.1028 

0.9997 

11.12 

0.9568 

0.043 1 

7 

1000. 

0.0516 

0.9998 

5.60 

0.9557 

0.0442 

AVERAGE 

VALUES 

0.9562 

0.0437 

8 

1000. 

0.1044 

0.9997 

11.21 

0.9592 

0.0407 

8 

1000. 

0.0519 

0.9998 

5.  61 

0.9570 

0.0429 

AVERAGE 

VALUES 

0.9581 

0.0418 

9 

1000. 

0.1032 

0.9998 

9.77 

0.9976 

0.0023 

9 

1000. 

0.0518 

0.9999 

4.91 

0.9971 

0.0028 

AVERAGE 

VALUES 

0.9974 

0.002  5 

10 

1000  . 

0.1042 

0.9998 

9  .88 

0.9972 

0.0027 

10 

1000. 

0.0522 

0.9999 

4.93 

0.9984 

0.0015 

AVERAGE 

VALUES 

0.9978 

0.002  1 

DATA  REDUCTION  FOR  RE VAPOR  I Z AT  I  ON  OF  C5  IN  400  MICRON 
BEAD  PACK  AT  12  FOR  100F 

DENSITY  BALANCE  ANALYSES,  RUN  3 

LIGHT  MOLE  WT  =  16.040  SLOPE  =  7.050 

HEAVY  MOLE  WT  =  72.146  SCALE  CORR  =  0.10 


NO 

SYSTEM 
PSI  A 

SAMPLE 

ATM 

Z 

FACTOR 

CURRENT 

MA 

MOLE  FR 
METHANE 

MOLE  FR 
PENTANE 

1 

2400. 

0.1028 

0.9996 

12.  32 

0.9213 

0.0786 

1 

2400. 

0.0518 

0.9998 

6.21 

0.9210 

0.0789 

1 

2400. 

0  .0267 

0.9999 

3.19 

0.9228 

0.0771 

AVERAGE 

VALUES 

0.9217 

0.0782 

2 

1000. 

0.1028 

0.9997 

11.12 

0.9555 

0.0444 

2 

1000. 

0.0514 

0.9998 

5.  54 

0.9568 

0.0431 

AVERAGE 

VALUES 

0.9562 

0.0437 

3 

1000. 

0.1033 

0.9997 

11.22 

0.9552 

0 . 0447 

3 

1000. 

0.0517 

0.9998 

5.60 

0.9561 

0.0438 

AVERAGE 

VALUES 

0.9557 

0.0442 

4 

1000. 

0.1032 

0.9997 

11.12 

0.9573 

0.042  6 

4 

1000. 

0.0520 

0.9998 

5.  64 

0.9554 

0.0445 

AVERAGE 

VALUES 

0.9563 

0.043  6 

5 

1000. 

0.1028 

0.9997 

11.10 

0.9565 

0.0434 

5 

1000. 

0.0517 

0.9998 

5.  58 

0.9566 

0.0433 

AVERAGE 

VALUES 

0.9565 

0.0434 

6 

1000. 

0.1039 

0.9997 

11.31 

0.9536 

0.0463 

6 

1000. 

0.0515 

0.9998 

5.61 

0.9534 

0.0465 

AVERAGE 

VALUES 

0.9535 

0.0464 

7 

1000. 

0.1029 

0.9997 

11.08 

0.9572 

0.0427 

7 

1000. 

0.0513 

0.9998 

5.  54 

0.9563 

0.0436 

AVERAGE 

VALUES 

0.9567 

0.0432 

8 

1000. 

0.1027 

0.9997 

11.15 

0.9545 

0.0454 

8 

1000. 

0.0514 

0.9998 

5.  57 

0.9553 

0.0446 

AVERAGE 

VALUES 

0.9549 

0.0450 

9 

1000. 

0.1033 

0.9998 

9.73 

0.9983 

0.0016 

9 

1000. 

0.0506 

0.9999 

4.76 

0.9990 

0.0009 

AVERAGE 

VAL UES 

0.9987 

0.0012 

10 

1000. 

0.1036 

0.9998 

9.80 

0.9979 

0.0020 

10 

1000. 

0.0508 

0.9999 

4.  80 

0.9980 

0.0019 

AVERAGE 

VALUES 

0.9979 

0.0020 

< 

DATA  REDUCTION  FOR  RE VA POR I Z AT  I  ON  OF  C5  IN  400  MICRON 
BEAD  PACK  AT  II  FOR  100F 

DENSITY  BALANCE  ANALYSES,  RUN  4 


L  IGI 

HT  MOLE 

WT  =  16. 

0  40 

SLDPE  =  7. 

050 

HEAVY  MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSIA 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1027 

0.9996 

12.35 

0.9202 

0.0797 

I 

2400. 

0.0779 

0.9997 

9.35 

0.9207 

0.0792 

I 

2400. 

0.05  18 

0.9998 

6.  22 

0.9205 

0.0794 

AVERAGE 

VALUES 

0.9205 

0.0794 

2 

1000. 

0.0993 

0.9997 

10.79 

0.9550 

0.0449 

2 

1000. 

0.05  18 

0.9998 

5.62 

0.9553 

0.0446 

AVERAGE 

VALUES 

0.9552 

0.0447 

3 

1000. 

0.1027 

0.9997 

11.14 

0.9556 

0.0443 

3 

1000. 

0.0518 

0.9998 

5.  63 

0.9547 

0.0452 

AVERAGE 

VALUES 

0.9551 

0.0448 

4 

1000. 

0.1024 

0.9997 

11.10 

0.9557 

0.0442 

4 

1000. 

0.0508 

0.9998 

5.  53 

0.9547 

0.0452 

AVERAGE 

VALUES 

0.9552 

0.0447 

5 

1000. 

0.1034 

0.9997 

11.22 

0.9553 

0.0446 

5 

1000. 

0.0514 

0.9998 

5.  59 

0.9545 

0.0454 

AVERAGE 

VALUES 

0.9549 

0.0450 

6 

1000. 

0.1040 

0.9997 

11.35 

0.9557 

0.0442 

6 

1000. 

0.0522 

0.9998 

5.71 

0.9550 

0.0449 

AVERAGE 

VALUES 

0.9553 

0.0446 

7 

1000. 

0.1021 

0.9997 

11  .05 

0.9574 

0.0425 

7 

1000. 

0.0518 

0.9998 

5.63 

0.9557 

0.0442 

AVERAGE 

VALUES 

0.9565 

0.0434 

8 

1000. 

0.1034 

0.9997 

11.27 

0.9546 

0.0453 

8 

1000. 

0.0518 

0.9998 

5.  66 

0.9534 

0.0465 

AVERAGE 

VALUES 

0.9540 

0.0459 

9 

1000. 

0.1026 

0.9998 

9.98 

0.9900 

0.0099 

9 

1000. 

0.05  16 

0.9999 

5.00 

0.9908 

0.0091 

AVERAGE 

VALUES 

0.9904 

0.0095 

10 

1000. 

0.1025 

0.9998 

9.70 

0.9978 

0.0021 

10 

1000. 

0.0515 

0.9999 

4.90 

0.9963 

0.0036 

AVERAGE 

VALUES 

0.9971 

0.0028 

1  <*  ° .  1 

DATA  REDUCTION  FOR  RE VAPOR  I ZAT I  ON  OF  C5  IN  400  MICRON 
BEAD  PACK  AT  13  FOR  130F 

DENSITY  BALANCE  ANALYSES,  RUN  5 

LIGHT  MOLE  WT  =  16,040  SLOPE  =  7.050 


HEAVY  MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSIA 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1039 

0.9996 

12.38 

0.9218 

0.0781 

1 

2400. 

0.0516 

0.9998 

6.15 

0.9215 

0.0784 

1 

2400. 

0.0266 

0.9999 

3.18 

0.9216 

0.0783 

AVERAGE 

VALUES 

0.9216 

0.0783 

2 

1000. 

0.1037 

0.9996 

11.94 

0.9362 

0.0637 

2 

1000. 

0.0522 

0.9998 

6.02 

0.9359 

0.0640 

AVERAGE 

VALUES 

0.9361 

0.0638 

3 

1000. 

0.1032 

0.9997 

11.89 

0.9356 

0.0643 

3 

1000. 

0.0516 

0.9998 

5.98 

0.9333 

0.0666 

AVERAGE 

VALUES 

0.9345 

0.0654 

4 

1000. 

0.1036 

0.9997 

11.91 

0.9363 

0.0636 

4 

1000. 

0.0522 

0.9998 

6.01 

0.9354 

0.0645 

AVERAGE 

VALUES 

0.9358 

0.0641 

5 

1000. 

0.1032 

0.9997 

10.48 

0.9768 

0.0231 

5 

1000. 

0.0520 

0.9998 

5.28 

0.9766 

0.0233 

AVERAGE 

VALUES 

0.9767 

0.0232 

6 

1000. 

0.1025 

0.9998 

9.80 

0.9946 

0.0053 

6 

1000. 

0.0519 

0.9999 

4.99 

0.9930 

0.0069 

AVERAGE 

VALUES 

0.9938 

0.0061 

7 

1000. 

0.1017 

0.9998 

9.66 

0.9964 

0.0035 

7 

1000. 

0.0517 

0.9999 

4.91 

0.9966 

0.0033 

AVERAGE 

VALUES 

0.9965 

0.0034 

DATA  REDUCTION  FOR  RE VAPORI ZAT I  ON  OF  C5  IN  400  MICRON 
BEAD  PACK  AT  12  FOR  130F 

DENSITY  BALANCE  ANALYSES,  RUN  6 

LIGHT  MOLE  WT  =  16.040  SLOPE  =  7.050 


HEAVY  MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSIA 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1021 

0.9996 

12.19 

0.9220 

0.0779 

1 

2400. 

0.0523 

0.9998 

6.25 

0.9218 

0.0781 

1 

2400. 

0.0258 

0.9999 

3.09 

0.9213 

0.0786 

AVERAGE 

VALUES 

0.9217 

0.0782 

2 

1000. 

0.1025 

0.9997 

11  .81 

0.9354 

0.0645 

2 

1000. 

0.0518 

0.9998 

5.98 

0.9345 

0.0654 

AVERAGE 

VALUES 

0.9349 

0.0650 

3 

1000. 

0.1030 

0.9996 

11.89 

0.9341 

0.0658 

3 

1000. 

0.0512 

0.9998 

5.91 

0.9341 

0.0658 

AVERAGE 

VALUES 

0.9341 

0.0658 

4 

1000. 

0.1022 

0.9997 

11.72 

0.9362 

0.0637 

4 

1000. 

0.0517 

0.9998 

5.93 

0.9362 

0.0637 

AVERAGE 

VALUES 

0.9362 

0.0637 

5 

1000. 

0.1001 

0.9997 

10 .26 

0.9735 

0.0264 

5 

1000. 

0.0517 

0.9998 

5.30 

0.9734 

0.0265 

AVERAGE 

VALUES 

0.9735 

0.0264 

6 

1000. 

0.1034 

0.9998 

9.92 

0.9941 

0.0058 

6 

1000. 

0.0508 

0.9999 

4.91 

0.9921 

0.0078 

AVERAGE 

VALUES 

0.9931 

0.0068 

7 

1000. 

0.1038 

0.9998 

9.82 

0.9979 

0.0020 

7 

1000. 

0  .0508 

0.9999 

4.  81 

0.9980 

0.0019 

AVERAGE 

VALUES 

0.9979 

0.0020 

« 

DATA  REDUCTION  FOR  RE  VAPOR  I Z AT  I  ON  OF  C5  IN  400  MICRON 
BEAD  PACK  AT  II  FOR  130F 

DENSITY  BALANCE  ANALYSES,  RUN  7 

LIGHT  MOLE  WT  =  16.040  SLOPE  =  7.050 


HEAVY  MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSIA 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1026 

0.9996 

12.26 

0.9223 

0.0776 

1 

2400. 

0.0517 

0.9998 

6.19 

0.9214 

0.0785 

1 

2400. 

0.0249 

0.9999 

2.99 

0.9213 

0.0786 

AVERAGE 

VALUES 

0.9217 

0.0782 

2 

1000. 

0.1023 

0.9997 

11.72 

0.9373 

0.062  6 

2 

1000. 

0.0507 

0.9998 

5.82 

0.9367 

0.0632 

AVERAGE 

VALUES 

0.9370 

0.0629 

3 

1000. 

0.1017 

0.9997 

11.77 

0.9334 

0.0665 

3 

1000. 

0.0516 

0.9998 

5.95 

0.9344 

0.0655 

AVERAGE 

VALUES 

0.9339 

0.0660 

4 

1000. 

0.1027 

0.9997 

11.81 

0.9354 

0.0645 

4 

1000. 

0.0515 

0.9998 

5.99 

0.9314 

0.0685 

AVERAGE 

VALUES 

0.9334 

0.0665 

5 

1000. 

0.1022 

0.9997 

10.64 

0.9693 

0.0306 

5 

1000. 

0.0505 

0.9998 

5.27 

0.9687 

0.0312 

AVERAGE 

VALUES 

0.9690 

0.0309 

6 

1000. 

0.1025 

0.9998 

9.91 

0.9917 

0.0082 

6 

1000. 

0.0522 

0.9999 

5.06 

0.9909 

0.0090 

AVERAGE 

VALUES 

0.9913 

0.0086 

7 

1000. 

0.1034 

0.9998 

9.91 

0.9948 

0.0051 

7 

1000. 

0.0509 

0.9999 

4.  86 

0.9959 

0.0040 

AVERAGE 

VALUES 

0.9954 

0.0045 

« 

DATA  REDUCTION  FOR  STANDARD  DEPLETION  OF  C1-C5  IN  150 
MICRON  BEAD  PACK  AT  IOOF 

DENSITY  BALANCE  ANALYSES,  RUN  8 


LIGHT  MOLE 

WT  =  16. 

040 

SLOPE  =  7. 

050 

HEAVY  MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSIA 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400, 

0.1032 

0.9996 

12.41 

0.9211 

0.0788 

1 

2400. 

0.0767 

0.9997 

9.22 

0.9216 

0.0783 

1 

2400. 

0.0512 

0.9998 

6.18 

0.9202 

0.0797 

AVERAGE 

VALUES 

0.9209 

0.0790 

2 

2250. 

0.1032 

0.9996 

12.39 

0.9209 

0.0790 

2 

2250. 

0.0511 

0.9998 

6.15 

0.9202 

0.0797 

AVERAGE 

VALUES 

0.9205 

0.0794 

3 

2000. 

0.1026 

0.9996 

12.21 

0.9235 

0.0764 

3 

2000. 

0.0509 

0.9998 

6.07 

0.9230 

0.0769 

AVERAGE 

VALUES 

0.9233 

0.0766 

4 

1750. 

0.1033 

0.9997 

11.89 

0.93  54 

0.0645 

4 

1750. 

0.0513 

0.9998 

5.  84 

0.9393 

0.0606 

AVERAGE 

VALUES 

0.9374 

0.0625 

5 

1500. 

0.1026 

0.9997 

11.37 

0.9491 

0.0508 

5 

15  00. 

0.0512 

0.9998 

5.  64 

0.9511 

0.0488 

AVERAGE 

VALUES 

0.9501 

0.0498 

6 

1250. 

0.1031 

0.9997 

11.29 

0.9528 

0.0471 

6 

1250. 

0.0507 

0.9998 

5.  58 

0.9513 

0.0486 

AVERAGE 

VALUES 

0.9521 

0.0478 

7 

1000. 

0.1023 

0.9997 

11.11 

0.9563 

0.0436 

7 

1000. 

0.0515 

0.9998 

5.60 

0.9561 

0.0438 

AVERAGE 

VALUES 

0.9562 

0.0437 

8 

800. 

0.1027 

0.9997 

11.12 

0.9570 

0.0429 

8 

8  00. 

0  .0509 

0.9998 

5.49 

0.9583 

0.0416 

AVERAGE 

VALUES 

0.9577 

0.0422 

9 

600. 

0.1024 

0.9997 

11.20 

0.9535 

0.0464 

9 

6  00. 

0.0515 

0.9998 

5.60 

0.9554 

0.0445 

AVERAGE 

VALUES 

0.9544 

0.0455 

10 

400. 

0.1023 

0.9997 

11.49 

0.9441 

0.0558 

10 

400. 

0.0518 

0.9998 

5.  80 

0.9452 

0.0547 

AVERAGE 

VALUES 

0.9446 

0.0553 

1 1 

200. 

0.1026 

0.9996 

12.66 

0.9113 

0.0886 

11 

2  00. 

0.0518 

0.9998 

6.39 

0.9111 

0.0888 

AVERAGE 

VALUES 

0.9112 

0.0887 

12 

100. 

0.0777 

0.9996 

11.38 

0.8409 

0.1590 

12 

100. 

0.0518 

0.9997 

7.  53 

0.8443 

0.1556 

AVERAGE 

VALUES 

0.8426 

0.1573 

13 

50. 

0.0755 

0.9992 

14.51 

0 . 70 1  7 

0.2982 

13 

50. 

0.0512 

0.9995 

9.82 

0.7033 

0.2966 

AVERAGE  VALUES 

0.7025 

0.2974 

« 

' 

■ 

■ 

DATA  REDUCTION  FOR  RE  VAPOR  I Z AT  I  ON  OF  C5  IN  150  MICRON 
BEAD  PACK  AT  13  FOR  100F 

DENSITY  BALANCE  ANALYSES,  RUN  9 

LIGHT  MOLE  WT  =  16.040  SLOPE  =  7.050 

HEAVY  MOLE  WT  =  72.146  SCALE  CORR  =  0.10 


NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLF  FR 

PSI  A 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1029 

0.9996 

12.  32 

0.9215 

0.0784 

1 

2400. 

0.0516 

0.9998 

6.20 

0.9200 

0.0799 

1 

2400. 

0.0262 

0.9999 

3.15 

0.9201 

0.0798 

AVERAGE 

VALUES 

0.9205 

0.0794 

2 

1000. 

0.1031 

0.9997 

11.20 

0.9550 

0.0449 

2 

1000. 

0.0520 

0.9998 

5.68 

0.9534 

0.0465 

AVERAGE 

VALUES 

0.9542 

0.0457 

3 

1000. 

0.1026 

0.9997 

11.08 

0.9574 

0.0425 

3 

1000. 

0.0509 

0.9998 

5.  53 

0.9554 

0.0445 

AVERAGE 

VALUES 

0.9564 

0.043  5 

4 

1000. 

0.1029 

0.9997 

11.12 

0.9570 

0.0429 

4 

1000. 

0.0511 

0.9998 

5.  52 

0.9572 

0.0427 

AVERAGE 

VALUES 

0.9571 

0.0428 

5 

1000. 

0.1024 

0.9997 

11  .09 

0.9564 

0.043  5 

5 

1000. 

0.0517 

0.9998 

5.  59 

0.9568 

0.0431 

AVERAGE 

VALUES 

0.9566 

0.0433 

6 

1000. 

0.1038 

0.9997 

11.20 

0.9573 

0.0426 

6 

1000. 

0.0516 

0.9998 

5.  60 

0.9554 

0.0445 

AVERAGE 

VALUES 

0.9563 

0.0436 

7 

1000. 

0.1022 

0.9997 

11  .09 

0.9557 

0.0442 

7 

1000. 

0.0511 

0.9998 

5.  57 

0.9542 

0.0457 

AVERAGE 

VALUES 

0.9550 

0.0449 

8 

1000. 

0.1022 

0.9997 

11.09 

0.9557 

0.0442 

8 

1000. 

0.0516 

0.9998 

5.  59 

0.9564 

0.0435 

AVERAGE 

VALUES 

0.9560 

0.0439 

9 

1000. 

0.1038 

0.9998 

10.07 

0.9920 

0.0079 

9 

1000. 

0.0522 

0.9999 

5.05 

0.9926 

0.0073 

AVERAGE 

VALUES 

0.9923 

0.0076 

10 

1000. 

0.1019 

0.9998 

9.72 

0.9966 

0.0033 

10 

1000. 

0.05  16 

0.9999 

4.94 

0.9959 

0.0040 

AVERAGE 

VALUES 

0.9962 

0.0037 

DATA  REDUCTION  FOR  RE VA POR I Z AT  I  ON  OF  C5  IN  150  MICRON 
BEAD  PACK  AT  12  FOR  100F 

DENSITY  BALANCE  ANALYSES,  RUN  10 

LIGHT  MOLE  WT  =  16.040  SLOPE  =  7.050 

HEAVY  MOLE  WT  =  72.146  SCALE  CORR  =  0.10 


NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MULE  FR 

MOLE  FR 

PSIA 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1024 

0.9996 

12.  31 

0.9207 

0.0792 

1 

2400. 

0.0526 

0.9998 

6.32 

0.9212 

0.0787 

1 

2400. 

0.0255 

0.9999 

3.07 

0.9201 

0.0798 

AVERAGE 

VALUES 

0.9207 

0.0792 

2 

1000. 

0.1050 

0.9997 

11.44 

0.9551 

0.0448 

2 

1000. 

0.0518 

0.9998 

5.67 

0.9539 

0.0460 

AVERAGE 

VALUES 

0.9545 

0.0454 

3 

1000. 

0.1032 

0.9997 

11.19 

0.9563 

0.0436 

3 

1000. 

0.0518 

0.9998 

5.61 

0.9564 

0.0435 

AVERAGE 

VALUES 

0.9563 

0.0436 

4 

1000. 

0.1033 

0.9997 

11.19 

0.9561 

0.0438 

4 

1000. 

0.0516 

0.9998 

5.  59 

0.9558 

0 .0441 

AVERAGE 

VALUES 

0.9560 

0.0439 

5 

1000. 

0.1028 

0.9997 

11.10 

0.9569 

0.0430 

5 

1000. 

0.0516 

0.9998 

5.  55 

0.9583 

0.0416 

AVERAGE 

VALUES 

0.9576 

0.0423 

6 

1000. 

0.1034 

0.9997 

11.18 

0.9560 

0.0439 

6 

1000. 

0.0516 

0.9998 

5.59 

0.9558 

0.0441 

AVERAGE 

VALUES 

0.9559 

0.0440 

7 

1000. 

0.1030 

0.9997 

11.12 

0.9567 

0.0432 

7 

1000. 

0.0512 

0.9998 

5.  57 

0.9544 

0.0455 

AVERAGE 

VALUES 

0.9555 

0.0444 

8 

1000. 

0.1026 

0.9997 

11  .09 

0.9561 

0.0438 

8 

1000. 

0.0507 

0.9998 

5.  50 

0.9552 

0.0447 

AVERAGE 

VALUES 

0.9557 

0.0442 

9 

1000. 

0.1011 

0.9998 

9.78 

0.9910 

0.0089 

9 

1000. 

0.0511 

0.9999 

4.94 

0.9912 

0.0087 

AVERAGE 

VALUES 

0.9911 

0.0088 

10 

1000. 

0.1034 

0.9998 

9.80 

0.9970 

0.0029 

10 

1000. 

0.0506 

0.9999 

4.  80 

0.9970 

0.0029 

AVERAGE 

VALUES 

0.9970 

0.0029 

• 

DATA  REDUCTION  FOR  RE  VAPOR  I Z AT  I  ON  OF  C5  IN  150  MICRON 
BEAD  PACK  AT  II  FOR  100F 

DENSITY  BALANCE  ANALYSES,  RUN  11 

LIGHT  MOLE  WT  =  16.040  SLOPE  =  7.050 


HEAVY  MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSI  A 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1034 

0.9996 

12.45 

0.9203 

0.0796 

1 

2400. 

0.0768 

0.9997 

9.23 

0.9210 

0.0789 

1 

2400. 

0.0518 

0.9998 

6.24 

0.9203 

0.0796 

AVERAGE 

VALUES 

0.9205 

0.0794 

2 

1000. 

0.1034 

0.9997 

11.24 

0.9545 

0.0454 

2 

1000. 

0.0512 

0.9998 

5.  58 

0.9536 

0.0463 

AVERAGE 

VALUES 

0.9541 

0.0458 

3 

1000. 

0.1023 

0.9997 

11.15 

0.9537 

0.0462 

3 

1000. 

0.0508 

0.9998 

5.  54 

0.9538 

0.0461 

AVERAGE 

VALUES 

0.9538 

0.0461 

4 

1000. 

0.1029 

0.9997 

11.34 

0.9509 

0.0490 

4 

1000. 

0.0508 

0.9998 

5.  59 

0.9517 

0.0482 

AVERAGE 

VALUES 

0.9513 

0.0486 

5 

1000. 

0.1029 

0.9997 

11  .27 

0.9532 

0.0467 

5 

1000. 

0 .0508 

0.9998 

5.  57 

0.9531 

0.0468 

AVERAGE 

VALUES 

0.9531 

0.0468 

6 

1000. 

0.1029 

0.9997 

11.20 

0.9546 

0.0453 

6 

1000. 

0.0507 

0.9998 

5.  52 

0.9547 

0.0452 

AVERAGE 

VALUES 

0.9547 

0.0452 

7 

1000. 

0.1035 

0.9997 

11.21 

0.9560 

0.0439 

7 

1000. 

0.0511 

0.9998 

5.  52 

0.9570 

0.0429 

AVERAGE 

VALUES 

0.9565 

0.0434 

8 

1000. 

0.1031 

0.9997 

11.20 

0.9559 

0.0440 

8 

1000. 

0.0518 

0.9998 

5.66 

0.9542 

0.0457 

AVERAGE 

VALUES 

0.9550 

0.0449 

9 

1000. 

0.1032 

0.9998 

10  .02 

0.9905 

0.0094 

9 

1000. 

0.05  16 

0.9999 

5.01 

0.9904 

0.0095 

AVERAGE 

VALUES 

0.9905 

0.0094 

10 

1000. 

0.1024 

0.9998 

9  .69 

0.9980 

0.0019 

10 

1000. 

0.0512 

0.9999 

4.92 

0.9935 

0.0064 

AVERAGE 

VALUES 

0.9957 

0.0042 

. 

DATA  REDUCTION  FOR  RE  VAPOR  I Z AT  I  ON  OF  C5  IN  150  MICRON 
BEAD  PACK  AT  13  FOR  130F 

DENSITY  BALANCE  ANALYSES,  RUN  12 

LIGHT  MOLE  WT  =  16.040  SLOPE  =  7.050 

HEAVY  MOLE  WT  =  72.146  SCALE  CORR  =  0.10 


NO 

SYSTEM 

PSIA 

SAMPLE 

ATM 

Z 

FACTOR 

CURRENT 

MA 

MOLE  FR 
METHANE 

MOLE  FR 
PENTANE 

1 

2400. 

0.1035 

0.9996 

12.42 

0.9214 

0.0785 

1 

2400. 

0.0506 

0.9998 

6.07 

0.9214 

0.0785 

1 

2400. 

0.0255 

0.9999 

3.08 

0.9197 

0.0802 

AVERAGE 

VALUES 

0.9208 

0.0791 

2 

1000. 

0.1021 

0.9997 

11.79 

0.9341 

0.0658 

2 

1000. 

0.0512 

0.9998 

5.90 

0.9351 

0.0648 

AVERAGE 

VALUES 

0.9346 

0.0653 

3 

1000. 

0.1029 

0.9997 

11.85 

0.9350 

0.0649 

3 

1000. 

0.0512 

0.9998 

5.90 

0.9350 

0.0649 

AVERAGE 

VALUES 

0.9350 

0.0649 

4 

1000. 

0.1025 

0.9997 

11  .80 

0.9351 

0.0648 

4 

1000. 

0.0508 

0.9998 

5.  83 

0.9360 

0.0639 

AVERAGE 

VALUES 

0.9355 

0.0644 

5 

1000. 

0.1035 

0.9997 

10.48 

0.9787 

0.0212 

5 

1000. 

0.0514 

0.9998 

5.21 

0.9782 

0.0217 

AVERAGE 

VALUES 

0.9785 

0.0214 

6 

1000. 

0.1029 

0.9998 

9.91 

0.9935 

0.0064 

6 

1000. 

0.0508 

0.9999 

4.90 

0.9933 

0.0066 

AVERAGE 

VALUES 

0.9934 

0.0065 

7 

1000. 

0.1018 

0.9998 

9.68 

0.9968 

0.0031 

7 

1000. 

0.0518 

0.9999 

4.92 

0.9970 

0.0029 

AVERAGE 

VALUES 

0.9969 

0.0030 

DATA  REDUCTION  FOR  RE VA POR I Z AT  I  ON  OF  C5  IN  150  MICRON 
BEAD  PACK  AT  12  FOR  130F 


DENSITY  BALANCE  ANALYSES,  RUM  13 

LIGHT  MOLE  WT  =  16.040  SLOPE  =  7.050 

HEAVY  MOLE  WT  =  72.146  SCALE  CORR  =  0.10 


NO 

SYSTEM 

PSIA 

SAMPLE 

ATM 

Z 

FACT  OR 

CURRENT 

MA 

MULE  FR 
METHANE 

MOLE  FR 
PENTANE 

1 

2400. 

0.1020 

0.9996 

12.22 

0.9213 

0.0786 

1 

2400. 

0.0510 

0.9998 

6.11 

0.9217 

0.0782 

1 

2400. 

0.0270 

0.9999 

3.24 

0.9207 

0.0792 

AVERAGE 

VALUES 

0.9212 

0.0787 

2 

1000. 

0.1012 

0.9997 

11.64 

0.9366 

0.0633 

2 

1000. 

0  .0514 

0.9998 

5.92 

0.9364 

0.0635 

AVERAGE 

VALUES 

0.9365 

0.0634 

3 

1000. 

0.1026 

0.9997 

11.81 

0.9359 

0.0640 

3 

1000. 

0.0511 

0.9998 

5.90 

0.9350 

0.0649 

AVERAGE 

VALUES 

0.9355 

0.0644 

4 

1000. 

0.1029 

0.9997 

11.82 

0.9365 

0.0634 

4 

1000. 

0.0523 

0.9998 

6.01 

0.9363 

0.0636 

AVERAGE 

VALUES 

0.9364 

0.063  5 

5 

1000  . 

0.1033 

0.9997 

10  .38 

0.9800 

0.0199 

5 

1000. 

0.0511 

0.9998 

5.  16 

0.9787 

0.0212 

AVERAGE 

VALUES 

0.9794 

0.0205 

6 

1000. 

0.1029 

0.9998 

9.87 

0.9939 

0.0060 

6 

1000. 

0.0512 

0.9999 

4.91 

0.9939 

0.0060 

AVERAGE 

VALUES 

0.9939 

0.0060 

7 

1000. 

0.1017 

0.9998 

9  .68 

0.9960 

0.0039 

7 

1000. 

0.0507 

0.9999 

4.  82 

0.9966 

0.0033 

AVERAGE 

VALUES 

0.9963 

0.0036 

'?<  0 

DATA  REDUCTION  FOR  RE  VAPOR  I Z AT  I  ON  OF  C5  IN  150  MICRON 
BEAD  PACK  AT  II  FOR  130F 

DENSITY  BALANCE  ANALYSES,  RUN  14 


LIGHT 

MOLE 

WT  =  16.040 

SLOPE  =  7. 

050 

HEAVY 

MOLE 

WT  =  72.146 

SCALE  CORR 

=  0.10 

NO  SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSIA 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1029 

0.9996 

12.  31 

0.9229 

0.0770 

1 

2400. 

0.0522 

0.9998 

6.27 

0.9215 

0.0784 

1 

2400. 

0.0251 

0.9999 

3.03 

0.9204 

0.0795 

AVERAGE 

VALUES 

0.9216 

0.0783 

2 

1000. 

0.1026 

0.9997 

11.73 

0.9375 

0.0624 

2 

1000. 

0.0515 

0.9998 

5.92 

0.9355 

0.0644 

AVERAGE 

VALUES 

0.9365 

0.0634 

3 

1000. 

0.1027 

0.9997 

11.82 

0.9364 

0.0635 

3 

1000. 

0.0524 

0.9998 

6.07 

0.9339 

0.0660 

AVERAGE 

VALUES 

0.93  52 

0.0647 

4 

1000. 

0.1016 

0.9997 

11.69 

0.9358 

0.0641 

4 

1000. 

0.0513 

0.9998 

5.91 

0.9355 

0.0644 

AVERAGE 

VALUES 

0.9356 

0.0643 

5 

1000. 

0.1027 

0.9997 

10.76 

0.9680 

0.0319 

5 

1000. 

0.0516 

0.9998 

5.  43 

0.9664 

0.0335 

AVERAGE 

VALUES 

0.9672 

0.0327 

6 

1000. 

0.1030 

0.9998 

9.97 

0.9914 

0.0085 

6 

1000. 

0.0520 

0.9999 

5.03 

0.9915 

0.0084 

AVERAGE 

VALUES 

0.9914 

0.0085 

7 

1000. 

0.1026 

0.9998 

9.79 

0.9957 

0.0042 

7 

1000. 

0.0515 

0.9999 

4.92 

0.9953 

0.0046 

AVERAGE 

VALUES 

0.9955 

0.0044 

•i 

DATA  REDUCTION  FOR  STANDARD  DEPLETION  OF  C1-C5  IN  40 
MICRON  BEAD  PACK  AT  100F 

DENSITY  BALANCE  ANALYSES,  RUN  15 


LIGHT  MOLE 

WT  =  16.' 

040 

SLOPE  =  7. 

050 

HEAVY  MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSIA 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1032 

0.9996 

12.43 

0.9207 

0.0792 

1 

2400. 

0.0764 

0.9997 

9.20 

0.9207 

0.0792 

1 

2400. 

0.0510 

0.9998 

6.15 

0.9204 

0.0795 

AVERAGE 

VALUES 

0.9206 

0.0793 

2 

2250. 

0.1009 

0.9996 

11.98 

0.9252 

0.0747 

2 

2250. 

0.0518 

0.9998 

6.18 

0.9231 

0.0768 

AVERAGE 

VALUES 

0.9242 

0.0757 

3 

2000. 

0.1033 

0.9996 

12.32 

0.9230 

0.0769 

3 

2000. 

0.0514 

0.9998 

6.16 

0.9216 

0.0783 

AVERAGE 

VALUES 

0.9223 

0.0776 

4 

1750. 

0.1025 

0.9997 

11.80 

0.9358 

0.0641 

4 

1750. 

0.0508 

0.9998 

5.  87 

0.9348 

0.0651 

AVERAGE 

VALUES 

0.93  53 

0.0646 

5 

1500. 

0.1034 

0.9997 

11.59 

0.9455 

0.0544 

5 

15  00. 

0.0517 

0.9998 

5.  80 

0.9453 

0  .0546 

AVERAGE 

VALUES 

0.9454 

0.0545 

6 

1250. 

0.1034 

0.9997 

11.39 

0.9514 

0.0485 

6 

1250. 

0.0507 

0.9998 

5.60 

0.9506 

0.0493 

AVERAGE 

VALUES 

0.9510 

0.0489 

7 

1000. 

0.1031 

0.9997 

11.29 

0.9538 

0.0461 

7 

1000. 

0.0520 

0.9998 

5.70 

0.9532 

0.0467 

AVERAGE 

VALUES 

0.9535 

0.0464 

8 

800. 

0.1028 

0.9997 

11.20 

0.9554 

0.0445 

8 

800. 

0.0514 

0.9998 

5.62 

0.9541 

0.0458 

AVERAGE 

VALUES 

0.9547 

0.0452 

9 

600. 

0.1032 

0.9997 

11.39 

0.9509 

0.0490 

9 

6  00. 

0.0516 

0.9998 

5.70 

0.9507 

0.0492 

AVERAGE 

VALUES 

0.9508 

0.0491 

10 

400. 

0.1028 

0.9997 

11.58 

0.9436 

0.0563 

10 

400. 

0.0513 

0.9998 

5.  81 

0.9419 

0.0580 

AVERAGE 

VALUES 

0.9427 

0.0572 

11 

200. 

0.1034 

0.9996 

12.83 

0.9087 

0.0912 

11 

200. 

0.0517 

0.9998 

6.  47 

0.9056 

0.0943 

AVERAGE 

VALUES 

0.9071 

0.0928 

12 

100. 

0.0771 

0.9995 

11.38 

0.8385 

0.1614 

12 

100. 

0.0510 

0.9997 

7.  52 

0.8385 

0.1614 

AVERAGE 

VALUES 

0.8385 

0.1614 

13 

50. 

0.0727 

0.9993 

14.08 

0.6980 

0.3019 

50. 

0.0518 

0.9995 

10.04 

0.6972 

0.3027 

AVERAGE 

VALUES 

0.6976 

0.3023 

• 

DATA  REDUCTION  FOR  RE  VAPOR  I ZAT I  ON  OF  C5  IN  40  MICRON 
BEAD  PACK  AT  13  FOR  IOOF 

DENSITY  BALANCE  ANALYSES,  RUN  16 


LIGHT  MOLE 

WT  =  16.1 

0  40 

SLOPE  =  7. 

050 

HEAVY  MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSIA 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

I 

2400, 

0.1027 

0.9996 

12.31 

0.9223 

0.0776 

1 

2400. 

0.0766 

0.9997 

9.16 

0.9229 

0.0770 

1 

2400. 

0.0509 

0.9998 

6.  12 

0.9213 

0.0786 

AVERAGE 

VALUES 

0.9222 

0.0777 

2 

1000. 

0.1032 

0.9997 

11.27 

0.9549 

0.0450 

2 

1000. 

0.0516 

0.9998 

5.  60 

0.9569 

0.0430 

AVERAGE 

VALUES 

0.9559 

0.0440 

3 

1000. 

0.1019 

0.9997 

11.05 

0.9568 

0.0431 

3 

1000. 

0.0523 

0.9998 

5.69 

0.9558 

0  .0441 

AVERAGE 

VALUES 

0.9563 

0.0436 

4 

1000. 

0.1030 

0.9997 

11.19 

0.9561 

0.0438 

4 

1000. 

0.0516 

0.9998 

5.60 

0.9563 

0.0436 

AVERAGE 

VALUES 

0.9562 

0.0437 

5 

1000. 

0.1028 

0.9997 

11.16 

0.9564 

0.043  5 

5 

1000. 

0.0516 

0.9998 

5.  60 

0.9566 

0.0433 

AVERAGE 

VALUES 

0.9565 

0.0434 

6 

1000. 

0.1027 

0.9997 

11.14 

0.9564 

0.043  5 

6 

1000. 

0.0518 

0.9998 

5.  63 

0.9555 

0.0444 

AVERAGE 

VALUES 

0.9560 

0.0439 

7 

1000. 

0.1036 

0.9997 

11.22 

0.9567 

0.0432 

7 

1000. 

0.0522 

0.9998 

5.68 

0.9550 

0.0449 

AVERAGE 

VALUES 

0.9559 

0.0440 

8 

1000. 

0.1026 

0.9997 

11.11 

0.9568 

0.0431 

8 

1000. 

0.0515 

0.9998 

5.  59 

0.9561 

0.0438 

AVERAGE 

VALUES 

0.9565 

0.0434 

9 

1000. 

0.1032 

0.9998 

10  .01 

0.9911 

0.0088 

9 

1000. 

0.0512 

0.9999 

4.97 

0.9908 

0.0091 

AVERAGE 

VALUES 

0.9909 

0.0090 

10 

1000. 

0.1031 

0.9998 

9.83 

0.9962 

0.0037 

10 

1000. 

0.0516 

0.9999 

4.91 

0.9966 

0.0033 

AVERAGE 

VALUES 

0.9964 

0.003  5 

DATA  REDUCTION  FOR  RE  VAPOR  I Z AT  I  ON  OF  C5  IN  40  MICRON 
BEAD  PACK  AT  12  FOR  100F 

DENSITY  BALANCE  ANALYSES,  RUN  17 


LIGHT  MOLE 

WT  =  16.1 

340 

SLOPE  =  7. 

050 

HEAVY  MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

NO 

SYSTEM 

sample 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSIA 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1029 

0.9996 

12.38 

0.9209 

0.0790 

1 

2400. 

0.0771 

0.9997 

9.28 

0.9211 

0.0788 

1 

2400. 

0.0514 

0.9998 

6.19 

0.9205 

0.0794 

AVERAGE 

VALUES 

0.9209 

0.0790 

2 

1000. 

0.1028 

0.9997 

11.19 

0.9559 

0.0440 

2 

1000. 

0.0505 

0.9998 

5.49 

0.9563 

0.0436 

AVERAGE 

VALUES 

0.9561 

0.0438 

3 

1000. 

0.1028 

0.9997 

11.19 

0.9555 

0.0444 

3 

1000. 

0.0516 

0.9998 

5.61 

0.9556 

0.0443 

AVERAGE 

VALUES 

0.9556 

0.0443 

4 

1000. 

0.1026 

0.9997 

11.13 

0.9562 

0.0437 

4 

1000. 

0.0518 

0.9998 

5.63 

0.9559 

0.0440 

AVERAGE 

VALUES 

0.9560 

0.0439 

5 

1000. 

0.1028 

0.9997 

11.16 

0.9561 

0.0438 

5 

1000. 

0.0520 

0.9998 

5.  65 

0.9555 

0.0444 

AVERAGE 

VALUES 

0.9558 

0.0441 

6 

1000. 

0.1021 

0.9997 

11.08 

0.9560 

0.0439 

6 

1000. 

0.0517 

0.9998 

5.60 

0.9566 

0.0433 

AVERAGE 

VALUES 

0.9563 

0.0436 

7 

1000. 

0.1030 

0.9997 

11.20 

0.9565 

0.0434 

7 

1000. 

0.0522 

0.9998 

5.69 

0.9553 

0.0446 

AVERAGE 

VALUES 

0.9559 

0.0440 

8 

1000. 

0.1030 

0.9997 

11.20 

0.9563 

0.0436 

8 

1000. 

0.0520 

0.9998 

5.67 

0.9551 

0.0448 

AVERAGE 

VALUES 

0.9557 

0.0442 

9 

1000. 

0.1027 

0.9997 

10  .07 

0.9885 

0.0114 

9 

1000. 

0.0520 

0.9998 

5.  10 

0.9882 

0.0117 

AVERAGE 

VALUES 

0.9884 

0.0115 

10 

1000. 

0.1034 

0.9998 

9.91 

0.9952 

0.0047 

10 

1000. 

0.0499 

0.9999 

4.  80 

0.9943 

0.0056 

AVERAGE 

VALUES 

0.9947 

0.0052 

' 

.  -  - 

• 

DATA  REDUCTION  FOR  RE VAPOR  I Z AT  I  ON  OF  C5  IN  40  MICRON 
BEAD  PACK  AT  II  FOR  100F 

DENSITY  BALANCE  ANALYSES,  RUN  18 


LIGHT  MOLE 

WT  =  16.1 

040 

SLOPE  =  7. 

050 

HEAVY  MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSIA 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1035 

0.9996 

12.49 

0.9210 

0.0789 

1 

2400. 

0.0778 

0.9997 

9.40 

0.9205 

0.0794 

1 

2400. 

0  .0526 

0.9998 

6.35 

0.9210 

0.0789 

AVERAGE 

VALUES 

0.9208 

0.0791 

2 

1000. 

0.1032 

0.9997 

11.20 

0.9565 

0.0434 

2 

1000. 

0.0521 

0.9998 

5.  68 

0.9551 

0.0448 

AVERAGE 

VALUES 

0.9558 

0.0441 

3 

1000. 

0.1033 

0.9997 

11.21 

0.9564 

0.043  5 

3 

1000. 

0.0515 

0.9998 

5.  59 

0.9564 

0.0435 

AVERAGE 

VALUES 

0.9564 

0.043  5 

4 

1000  . 

0.1030 

0.9997 

11.19 

0.9559 

0.0440 

4 

1000. 

0.0515 

0.9998 

5.60 

0.9556 

0.0443 

AVERAGE 

VALUES 

0.9557 

0.0442 

5 

1000. 

0.1032 

0.9997 

11.20 

0.9568 

0.0431 

5 

1000. 

0.0504 

0.9998 

5.48 

0.9562 

0.0437 

AVERAGE 

VALUES 

0.9565 

0.0434 

6 

1000. 

0.1026 

0.9997 

11.13 

0.9567 

0.0432 

6 

1000. 

0.0500 

0.9998 

5.45 

0.9550 

0.0449 

AVERAGE 

VALUES 

0.9558 

0.0441 

7 

1000. 

0.1025 

0.9997 

11.15 

0.9563 

0.0436 

7 

1000. 

0.0516 

0.9998 

5.61 

0.9562 

0.0437 

AVERAGE 

VALUES 

0.9562 

0.0437 

8 

1000. 

0.1030 

0.9997 

11.19 

0.9563 

0.043  6 

8 

1000. 

0.0515 

0.9998 

5.  59 

0.9567 

0.0432 

AVERAGE 

VALUES 

0.9565 

0. 0434 

9 

1000. 

0.1030 

0.9997 

10.11 

0.9876 

0.0123 

9 

1000. 

0.0514 

0.9998 

5.05 

0.9873 

0.0126 

AVERAGE 

VALUES 

0.9874 

0.0125 

10 

1000  . 

0.1030 

0.9998 

9.92 

0.9932 

0.0067 

10 

1000. 

0.0509 

0.9999 

4.91 

0.9929 

0.0070 

AVERAGE 

VALUES 

0.9930 

0.0069 

« 

^  .3 

DATA  REDUCTION  FOR  RE VAPOR  I Z AT  I  ON  OF  C5  IN  40  MICRON 
BEAD  PACK  AT  13  FOR  130F 


DENSITY  BALANCE  ANALYSES »  RUN  19 


LIGHT  MOLE 

WT  =  16.1 

040 

SLOPE  =  7. 

050 

HEAVY  MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSIA 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1023 

0.9996 

12.27 

0.9215 

0.0784 

1 

2400. 

0.0509 

0.9998 

6.10 

0.9219 

0.0780 

1 

2400. 

0.0253 

0.9999 

3.04 

0.9207 

0.0792 

AVERAGE 

VALUES 

0.9214 

0.0785 

2 

1000. 

0.1026 

0.9997 

11.81 

0.9366 

0.0633 

2 

1000. 

0.0519 

0.9998 

5.98 

0.9363 

0.0636 

AVERAGE 

VALUES 

0.9365 

0.0634 

3 

1000. 

0.1028 

0.9996 

11.88 

0.9350 

0.0649 

3 

1000. 

0.0509 

0.9998 

5.91 

0.9335 

0.0664 

AVERAGE 

VALUES 

0.9343 

0.0656 

4 

1000. 

0.1018 

0.9997 

11.70 

0.9369 

0.0630 

4 

1000. 

0.0521 

0.9998 

6.02 

0.9351 

0.0648 

AVERAGE 

VALUES 

0.9360 

0.063  9 

5 

1000. 

0.1033 

0.9997 

11.50 

0.9478 

0.0521 

5 

1000. 

0.0508 

0.9998 

5.  65 

0.9480 

0.0519 

AVERAGE 

VALUES 

0.9479 

0.0520 

6 

1000. 

0.1033 

0.9998 

10.03 

0.9908 

0.0091 

6 

1000. 

0.0511 

0.9999 

4.97 

0.9904 

0.0095 

AVERAGE 

VALUES 

0.9906 

0.0093 

7 

1000. 

0.1034 

0.9998 

9.91 

0.9947 

0.0052 

7 

1000. 

0.0515 

0.9999 

4.92 

0.9956 

0.0043 

AVERAGE 

VALUES 

0.9951 

0.0048 

• 

DATA  REDUCTION  FOR  RE VA POR I Z AT  I  ON  OF  C5  IN  40  MICRON 
BEAD  PACK  AT  12  FOR  130F 


DENSITY  BALANCE  ANALYSES,  RUN  20 

LIGHT  MOLE  WT  =  16.040  SLOPE  =  7.050 

HEAVY  MOLE  WT  =  72.146  SCALE  CORR  =  0.10 


NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSI  A 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1026 

0.9996 

12.  30 

0.9215 

0.0784 

1 

2400. 

0.0772 

0.9997 

9.27 

0.9211 

0.0788 

1 

2400. 

0.05  18 

0.9998 

6.23 

0.9207 

0 .0792 

AVERAGE 

VALUES 

0.9211 

0.0788 

2 

1000. 

0.1032 

0.9996 

11.96 

0.9347 

0.0652 

2 

1000. 

0.0516 

0.9998 

5.99 

0.9342 

0.0657 

AVERAGE 

VALUES 

0.9345 

0.0654 

3 

1000. 

0.1031 

0.9996 

11.88 

0.9362 

0.0637 

3 

1000. 

0.0513 

0.9998 

5.90 

0.9369 

0.0630 

AVERAGE 

VALUES 

0.9366 

0.0633 

4 

1000. 

0.1022 

0.9997 

11.78 

0.9358 

0.0641 

4 

1000. 

0.0518 

0.9998 

6.00 

0.9343 

0.0656 

AVERAGE 

VALUES 

0.9350 

0.0649 

5 

1000. 

0.1024 

0.9997 

11.55 

0.9433 

0.0566 

5 

1000. 

0.0512 

0.9998 

5.78 

0.9431 

0.0568 

AVERAGE 

VALUES 

0.9432 

0.0567 

6 

1000. 

0.1033 

0.9998 

9  .99 

0.9918 

0.0081 

6 

1000. 

0.0509 

0.9999 

4.92 

0.9921 

0.0078 

AVERAGE 

VALUES 

0.9920 

0.0079 

7 

1000. 

0.1033 

0.9998 

9.92 

0.9939 

0.0060 

7 

1000. 

0.0501 

0.9999 

4.  81 

0.9938 

0.0061 

AVERAGE 

VALUES 

0.9938 

0.0061 

DATA  REDUCTION  FOR  RE  VAPOR  I Z AT  I  ON  OF  C5  IN  40  MICRON 
BEAD  PACK  AT  13  FOR  130F 

DENSITY  BALANCE  ANALYSES,  RUN  21 


LIGHT  MOLE 

WT  =  16.040 

SLOPE  =  7. 

050 

HEAVY  MOLE 

WT  =  72. 

146 

SCALE  CORR 

=  0.10 

NO 

SYSTEM 

SAMPLE 

Z 

CURRENT 

MOLE  FR 

MOLE  FR 

PSI  A 

ATM 

FACTOR 

MA 

METHANE 

PENTANE 

1 

2400. 

0.1022 

0.9996 

12.25 

0.9215 

0.0784 

1 

2400. 

0.0757 

0.9997 

9  .07 

0.9214 

0.0785 

1 

2400. 

0.0517 

0.9998 

6.20 

0.9211 

0.0788 

AVERAGE 

VALUES 

0.9213 

0.0786 

2 

1000. 

0.1015 

0.9997 

11.67 

0.9369 

0.0630 

2 

1000. 

0.0520 

0.9998 

5.98 

0.9365 

0.0634 

AVERAGE 

VALUES 

0.9367 

0.0632 

3 

1000. 

0.1037 

0.9996 

11.97 

0.9365 

0.0634 

3 

1000. 

0.0517 

0.9998 

6.00 

0.9346 

0.0653 

AVERAGE 

VALUES 

0.9356 

0.0643 

4 

1000. 

0.1038 

0.9996 

11.96 

0.9363 

0.0636 

4 

1000. 

0.0522 

0.9998 

6.02 

0.9359 

0.0640 

AVERAGE 

VALUES 

0.9361 

0.063  8 

5 

1000. 

0.1030 

0.9997 

11.68 

0.9416 

0.0583 

5 

1000. 

0.0522 

0.9998 

5.91 

0.9422 

0.0577 

AVERAGE 

VALUES 

0.9419 

0.0580 

6 

1000. 

0.1026 

0.9998 

9.98 

0.9905 

0.0094 

6 

1000. 

0.0515 

0.9999 

5.00 

0.9912 

0.0087 

AVERAGE 

VALUES 

0.9908 

0.0091 

7 

1000. 

0.1031 

0.9998 

9.93 

0.9935 

0.0064 

7 

1000. 

0.0509 

0.9999 

4.91 

0.9932 

0.0067 

AVERAGE 

VALUES 

0.9933 

0.0066 

ooooooooo 


c 

C 

C 

C 

C 

C 


THIS  PROGRAM  IS  USED  TO  CALCULATE  THE  COMPOSITIONS  OF  * 
BINARY  MIXTURES  FROM  DENSITY  BALANCE  MEASUREMENTS.  THE  * 
PROGAM  CAN  ALSO  BE  USED  FOR  DENSITY  BALANCE  CALIBRATION.  *  75 

THE  FOLLOWING  CODE  IS  USED  TO  DESIGNATE  THE  GAS(ES)  * 

KEY  =  lt  CALIBRATE  DENSITY  RALANCE  WITH  HELIUM  * 

KEY  =  2,  CALIBRATE  DENSITY  RALANCE  WITH  METHANE  * 

KEY  =  3,  CALIBRATE  DENSITY  RALANCE  WITH  NITROGEN  * 

KEY  =  4 ,  CALIBRATE  DENSITY  BALANCE  WITH  BUTANE  * 

KEY  =  5,  CALIBRATE  DENSITY  RALANCE  WITH  C02  * 

KEY  =  6,  ANALYSIS  BY  DENSITY  BALANCE,  METHANE-BUTANE  * 

KEY  =  7,  ANALYSIS  BY  DENSITY  BALANCE,  M ET HANE- PENT ANF  * 

KEY  =  8,  ANALYSIS  BY  DENSITY  BALANCE,  METHANE-HEXANE  * 

KEY  =  9,  ANALYSIS  BY  DENSITY  BALANCE,  METHANE-C02  * 

/]%  m  m  jli  aC  m  jli  vj"  *•#  V'  »•«  «■/ 

•  '  *  "  r  r*  'r  'i'  'i'  **p  ^  >(«•  ^  ^  y(\  /,« 

REAL  TB ( 20  ) ,  ATM(20),  W ( 20 ) ,  XL(20),  XH(20),  P(20), 

1  X ( 20  )  ,  Y ( 20  )  ,  Z  <  20  )  ,  DX ( 20  )  ,  DY(20) 

INTEGER  NAME  1(17),  NAME2(20),  ITEST(20) 

IREAD=5 
I R I T  E=6 


1  FORMAT ( I  1, I2,I3,37A2 ) 

2  FORMAT (5F5. 3) 

3  FORMAT (' 1DATA  REDUCTION 
1 
2 
3 


4 

5 

► 

1 

2 

3 

4 

5 

1 

2 

3 

4 


FOR  '  , 17A2/1X,20A2/ 'ODENSITY  ■ 
BALANCE  CALIBRATION' /•  GAS  MOLF  WT  =',F7.3, 

SCALE  CORR  =  '  , F 5 . 2 , / • 0 PT  PRESSURE  Z  CURRENT' 

CURRENT  DENSITY  DENS  I TY • /7X , ' ATM  FACTOR  MA* 


DIFF 


GM/M**3 


DIFF'/' 


i 


/  ) 


FORMAT (• 1DATA  REDUCTION 
BALANCE  ANALYSES,  RUN' 
SLOPE  = ' , F6 . 3 , / '  HEAVY 
ONO  SYSTEM  SAMPLE 
PSIA  ATM 


FOR  ', 17A2/1X,20A2/ 'ODENSITY  • 

,13,/'  LIGHT  MOLE  WT  =',F7.3,15X, 

MOLE  WT  =',F7.3,15X, 'SCALE  CORR  =«,F5.2,/ 
Z  CURRENT  MOLE  FR  MOLE  FR'/ 

FACTOR  MA  METHANE  PENTANE'/ 

-  -  -  - ./) 


FORMAT (  ' 1  DAT  A  REDUCTION  FOR  '  ,  17A2/ 1 X ,2 OA 2/ 
OCHROMATOGRAPH  ANALYSES'/ 

ORUN  PNT  READ  SYSTEM  SAMPLE  MOLE  FR 

-ING  PRES  PSIA  PRES  ATM  METHANE 


MOLE  FR'/ 

PENTANE  » / 
- .  /  ) 


6  FORMAT (I 1,2I2,F5.0,8F5.2,3F5.0) 

7  FORMAT (  IX, I2,2F9.4,F8.2, F10.3, F9.3,F9.4) 

8  FORMAT (  'OS LOPE  S' ,9X,E13.6,5X,E13.6,/ 

1'  RMS  ERRORS' , 5X , E 13 . 6 , 5X , E 13. 6 ) 

9  FORMAT (1X,I2,F8.0,2F9.4,F8.2,F10.4,F9.4) 

II  FORMAT (23X, 'AVERAGE  VALUES ' , F10.4, F9.4 ) 

14  FORMAT (1H  ) 

K  =  1 

10  READ( IREAD, 1)LABEL»N, I  RUN, NAM El , NAME2 
GO  TO  (20,30,40,50,200) , LABEL 
20  READ ( IREAD, 2 )WC,W1,W2, SCALE, SLOPE 
WRITE ( I  RITE, 3 ) NAME  1 ,NAME2,WC, SCALE 
GO  TO  50 

30  READ ( I  READ, 2 )WC ,W1,W2, SCALE, SLOPE 

WRITE ( I R I TF , 4 ) NA  ME  1 , NAME2 , I  RUN, W1 , SLOPE ,W2 ,S CALF 
GO  TO  50 

40  WRITE( IRITE,5)NAME1,NAME2 
50  L A P  =  0 

DO  60  I = 1 ,  N 
XL  (  I  ) =1  .0 

READ(IREAD,6)KEY,IRUN,ITEST(I),P(I),HL,HR,TM,X(I),TB(I) 


. 


C  CORRECTION  OF  MANOMETER  READINGS  TO  ZERO  DEG.  C. 

HT=(HL+HR+SCALE )*( 1 . 0- ( 163 . 4E-06*TM ) / ( 1 . 0+ 1 8 1 . 8E-06*TM ) ) 
ATM ( I )=HT*1 .0005/760.0 
60  CONTINUE 
SUMX=0 .0 

IF (LABEL-3  >70,140,70 
70  DO  100  1=1, N 
TA=TB ( I ) +273 . 16 
A AA  =  ATM ( I  ) 

XX  =  XL  (  I  ) 

CALL  COMPZ ( KEY,TA, AAA, XX, Z (I ) ) 

IF (KEY-6  >90,80,80 

80  W ( I ) =SLOPE*X ( I )*Z ( I )*82.054E-06*TA/ATM( I ) 

XL ( I  )  =  ( W2-W ( I  )  )  / (W2-W1  ) 

X  H ( I  )  =  1 .0— X  L ( I ) 

SUMX  =  SUMX  +  XL ( I  ) 

GO  TO  100 

90  Y ( I  ) =ATM ( I  )*WC/ (Z ( I ) *8 2 . 0 54 E-0 6*T A  ) 

100  CONTINUE 

IF ( KEY-6 ) 110,120,120 

110  SXX=0.0 
SX Y  =0 . 0 
S  YY=0 .0 

C  CALIBRATION  POINTS  ARE  WEIGHTED  BY  SORT ( DENS  I T Y ) 

DO  111  1=1, N 

SXX  =  SXX+X ( I )*X ( I  )*SQRT (Y ( I  )  ) 

S  XY  =  SX Y+X (I  )  *Y  (  I ) *SORT ( Y ( I  ) ) 

SYY  =  SYY+Y ( I ) *Y ( I )*SQRT (Y ( I  )  ) 

111  CONTINUE 
BX  =  SYY / SX  Y 
B  Y  =  SXY / SXX 
SDX=0  •  0 

S  DY=0 . 0 

DO  112  1  =  1, N 

DX ( I  )  =X  (  I  ) - Y ( I  )/BX 

DY ( I ) =Y ( I )-BY*X(I ) 

S  DX  =  SDX+DX ( I  )*DX ( I ) 

SDY=SDY+DY ( I )*DY ( I ) 

112  CONTINUE 
SDX=SQRT ( SDX/N ) 

SDY  =  SORT( SDY/N  ) 

WRITE(IRITE,7)(I,ATM(I),Z(I),X(I),DX(I),Y(I),DY(I),I=1,N) 
WRITE ( IRITE ,8 ) BX , BY , SDX , SDY 
GO  TO  10 
120  LAP=LAP+1 

IF (LAP-1 ) 130,60,130 

130  WRITE ( IRITE ,9) ( ITEST( I ) ,P( I ) ,ATM( I ) , Z( I ) ,X(  I  )  ,XL ( I  ) , 

1  XH  (  I  )  ,  I  = 1 , N  ) 

I F ( N— 1 >131,132,131 

131  XX=SUMX/FLOAT (N) 

X IX=1.0-XX 

WRITE(IRITE,11 ) XX  ,X I  X 

132  WRITE( IRITE, 14) 

GO  TO  10 

140  L  AP  =L  AP+ 1 
GO  TO  10 

200  IF(K-7 >201,201,202 

201  K=K+ 1 

GO  TO  10 

202  CALL  EXIT 
END 


. 


SUBROUTINE  COMPZ ( KEY T TA , ATM , X  ,  Z ) 

Q  5*5  5*j  5J5  5J5  jjj  jJj  %*/  »*»  ji*  jjj  jj#  j(j  jij  vjj  jJj  x  X  jJ#  x  ji<  x  x  X  x 

C  THIS  SUBROUTINE  CALCULATES  THE  COMPRESSIBILITY  FACTOR  - 
C  FOR  THE  PARTICULAR  GAS  SPECIFIED  BY  'KEY'  USING  SECOND  * 
C  VIRIAL  COEFFICIENT  DATA  WHICH  APPLY  AT  ROOM  TEMPERATURE  * 

R=ATM/ ( 82 .054*TA ) 

GO  TO ( 10,20,30,40, 50, 60,70,80,90 ) , KEY 
10  Z=1.0+12.0*R 
RETURN 

20  Z=1.0+(42.441-16711.3/TA-2501485.5/( TA*TA) )  *R 
RETURN 

30  Z=1.0-(8.6+0.191111*(TA-318.16)  )*R 
RETURN 

40  Z=1 .0+255 .0*(0 ,43-0. 8 66*42 5.2/ TA-0.694*( 42 5.2/ TA )** 2 
1-0.1125*(425.2/TA )**4.5)*R 
RETURN 

50  Z=1.0+(0.9*TA-389.7)*R 
RETURN 

60  E=244.0-1.6*(TA-273.16) 

B2  2  =  2  55  .0* (0.43-0. 866*42 5.2 /TA-O. 694* ( 425.2/TA)**2 
1-0.1125*(425.2/TA)**4.5) 

GO  TO  100 

70  E  =474 . 0- 3 • 08 * ( TA-273 •  16) 

B22=311 .0* ( 0.43 -0.88 6*469. 8 /TA-O. 694* ( 469. 8/ T A )**2 
1-0. 1 5* (469. 8 /T A )**4. 5) 

GO  TO  100 

80  E=883. 0-6. 52*( TA-273. 16) 

622=368.0* (0.43-0. 88 6*507. 9 /TA-O. 694* ( 507.9/TA )**2 
1-0. 1875* (507. 9/T A )**4. 5) 

GO  TO  100 

90  E=26.0-0.32*( TA-273. 16) 

B22=0.9*TA-389.7 

100  B 11=42.441-16711 . 3/TA-2 501485 . 5/ ( TA*TA ) 

B12=E+0  .5*(B11  +  B22 ) 

X  I  =  1 .0-X 

B  =  X*X*B 1 1  +  2 . 0*X*X I *B 1 2+X I *X I *B  22 

Z  =  1 • 0+  B*R 

RETURN 

END 

/* 

//  END 
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APPENDIX  C 


CALCULATION  OF  N-PENTANE  RECOVERY 


78 


Calculation  of  Recovery  Efficiency 

Shown  on  Figures  19  and  20  are  plots  exhibiting  the  recovery 
efficiency  of  the  liquid  n-pentane  as  a  function  of  the  number  of  pore 
volumes  of  dry  methane  gas  injection.  Following  is  an  explanation  of 
the  procedure  used  to  determine  the  recovery  efficiency  values  for  each 
bead  pack. 

Figures  13  and  16  were  used  to  obtain  the  recovery  efficiency 
curves.  Both  figures  show  that  the  recovery  of  the  liquid  pentane  was 
almost  entirely  complete  for  the  400  micron  bead  pack  when  the  measure¬ 
ment  of  the  vapor  composition  ceased.  Both  graphs  were  extrapolated 
the  very  short  distance  to  the  abscissa  (i.e.  0 %  pentane).  The  area 
under  these  curves,  then,  represented  the  total  liquid  saturation  frac¬ 
tion  in  the  bead  pack  at  the  beginning  of  dry  gas  injection.  Since  the 
composition  of  the  binary  mixture  was  identical  in  all  runs  and  since 
the  graphs  were  plotted  on  a  "HCPV  Injected"  basis  rather  than  a  "Volume 
(cc)  Injected"  basis,  this  total  liquid  saturation  fraction  was  identical 
for  all  three  bead  packs.  This  concept  is  significant  due  to  the  dif¬ 
ferent  values  of  the  HCPV  obtained  for  each  bead  pack. 

Therefore,  in  our  recovery  calculations,  the  percent  recovery 
of  pentane  refers  to  the  percent  recovery  of  the  total  liquid  saturation 
fraction  rather  than  to  the  percent  recovery  of  the  total  volume  of 
liquid.  By  dividing  the  "volume  of  dry  gas  injection"  by  the  HCPV  for 
each  respective  pack,  we  have  normalized  the  plots  for  each  bead  pack 
for  comparison  on  the  same  basis. 

In  order  to  determine  intermediate  recovery  points,  the  curves 
were  plotted  on  appropriate  graph  paper  and  a  "square-counting"  method 
was  used. 
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It  should 


be  emphasized  that  the  n-pentane  recovery  efficiencies 


shown  on  Figures  19 


and  20  should  be  considered  only  on  a  qualitative  basis. 


